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ABSTRACT 

The Economic Factors Department of MITRE has developed a computerized 
electronic system cost model as part of its work in system cost methodology. 
This document describes the initial version of the model and gives instructions 
for the electronic data processing procedures, including presentation of the key 
punch input forms, computer output formats, and a description of the computer 
program logic.   The model, currently operational, has been programmed for the 
IBM 7090 computer and requires a 32, 768 register core memory. 

The objectives of this manual are to provide a Primer for the cost analyst, 
and a Reference Manual for the detailed operations on the use of the model. 

REVIEW AND APPROVAL 

Publication of this technical documentary report does not constitute Air Force 
approval of the reports findings or conclusions.   It is published only for the 
exchange and stimulation of ideas. 

FRANCIS J./HOERMANN 

COLONEL,  USAF 
COMPTROLLER 
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USER'S MANUAL 
FOR THE 

COMPUTERIZED ELECTRONIC SYSTEM COST MODEL 

1.0 INTRODUCTION 

1.1 Purpose of User's Manual 

The Economic Factors Department of MITRE has developed a computerized 
electronic   system cost model  as part of its  work   in system cost methodology. 
This document describes  the  initial version of the model and gives  instruc- 
tions   for the  electronic  data processing procedures,   including presentation 
or the  key  punch  input   forms,   computer output   formats,  and  a description of 
the computer program   logic.     The model,  currently operational,  has been 
programmed   for  the IBM 7090 computer,  and  requires a  32,768 register core 
memory. 

This report has been organized to accomplish  the  following objectives: 

1) Provide  to management a general description of  the computerized 
model   including  its capabilities and   features; 

2) Provide to system cost analysts a primer on how  to use  the model; 

3) Provide a reference manual which details the procedures to follow 
in preparing and checking input data for the model, and in using the model 
efficiently;   and 

4) Provide  to computer programmers a general description of  the  program- 
ming   logic and  program  specification of the model. 

Sections   1.2  and   1.3 describe  the system costing  process  in order  to put 
the model  in  its proper context.     Included  is a brief discussion of  the 
generalized  concept of a cost model  and  its  usei.     Although  it   is  assumed 
that  the  reader has a general  knowledge of system cost methodology,   a  selected 
collection of relevant  books and memoranda on  system cost  analysis and   the 
electronic  system cost  model  are  listed  in  the bibliography.     Section 2.0 
describes in more detail   the computerized cost model which  has been developed. 
Section  3.0 provides  the cost analyst with  the  information necessary  to 
utilize  the model and may be considered as  the model primer.     Section 4.0  is 
the  reference manual which  describes  the  types of  cards used with  the model, 
the  organization of the  cards  for processing,   the   tape  used   in  table genera- 
tion,   the utilization of cost  estimating relationships,   the means of modify- 
ing  the  cost   structure,   and  the various  types of error  checks which  should 
be  performed.     Section  5.0 describes  the computer  programs and  presents  the 
program  flow charts. 

Sample  input   forms  and  output   tables are  presented  in  the Appendix, 
along with other  tables  and  exhibits which will  aid   the  user  in obtaining 
his  particular  system cost  estimate. 



1.2    System Costing Process 

The  system costing process may be subdivided Into the following steps: 

a.)    Development of Cost Estimating Structure 

The cost  structure  Is  fundamental  to consistent  system costing. 
It   should  reflect  the  properties of the type of  syste-.n being 
costed;  also,   the structure should be resource-oriented to facili- 
tate costing the resources allocated to the  system.* 
Since a system may be defined as a collection of  subsystems 
Integrated to perform specific functions,   the major cost classi- 
fications,   l..e., categories, of the electronic  system cost esti- 
mating structure are  the  subsystems usually  identified with elec- 
tronic  systems:  viz.  hardware  (data processing,  data presentation, 
conmunicatlons,  data acquisition and aerospace vehicles),  computer 
programs,  personnel,   and  facilities and  support.    An additional 
category,  general  system,   identifies  the costs of overall  system 
design,   system integration and  testing,  and  system management. 

b.)     Description of System to be Costed 

One   requisite  for  system costing  is a description of  the  system. 
The  relevant data  in  such a description are  those which  identify 
the  events in the  system  life-cycle and the  states of the  system 
and   its environment which have an impact on  the cost of the system. 
Such data can be classified  into  four major categories: 

Configuration -  types and quantities of equipment,   personnel, 
facilities,   etc. 

Performance Characteristics   - equipment  reliability and maintain- 
ability,   data processing  speeds,   communications 
error  rates,   etc. 

Operational Concepts  - activity rates,  employment,  deployment, 
operating environment,   etc. 

Implementation Concepts   - development,  procurement and test 
schedules,   technological  state-of-the-art,  etc. 

c.)    Application of Cost Estimating Relationships 

Cost  estimating relationships   (CERs)  are  functions  used  to compute 
costs  from variables  such as number and  type of personnel,  equipment 

it 
The lines of Table SIS in Appendix A, Exhibit 2, are an example of a 
structure for electronic systems. 



performance  characteristics,   etc.     These CERs,  developed by  statis- 
tical analysis,   establish  relationships among  system variables, 
resources  and  doHars.     CERs usually  permit  the calculation of 
costs  in a   simpler  fashion  than by other methods.     If CERs do  not 
exist   for   the   particular system elements under  consideration,  or 
if the existing CERs are not adequate  for the purpose of  the esti- 
mate   for any reasor,   such  element  costs may be estimated directly 
by obtaining,   for example,   cost data  from industry. 

d   )    Organization of Data  for  Users 

The outputs of   system cost  estimating need  to be organized   to meet 
the needs of  the users.    At different  points  in the   life cycle of 
a  system,   different  types of decisions  to be made by various  users 
require different   types of estimates both  in  level of aggregation 
and  in categorization of  information.     One must,   therefore,   be 
fully  aware of  the  purposes of  the  cost   estimate  to be  prepared and 
should organize   the data  in  formats most  useful   for  such  purposes. 

1.3    Cost Model  and Uses 

The steps  in  the   system costing process discussed  in Section  1.2  are 
inherent  in  the  generalized  concept of any  cost model,  as  illustrated  in 
Fig.   1.    The  first   step,   "Development of Cost  Estimating Structure,"   is 
shown as "Structure"   in  the  center box.     Once a   structure has been developed, 
it  may  be used   for costing many  systems,  with   little or no modification 
required  to reflect   the  properties of the  particular system being costed. 
The   second,   "Description of System to be Costed"   is represented by  the arrow 
coming   from "Relevant  Events and States"   in  the  real world,  and   is  input  to 
the m del as relevant   system  information which  is  converted  to dollar costs. 
This conversion  to dollar  costs  is performed  by  "Application of Cost  Estimating 
Relationships,"   shown by   the  arrow going  from "Cost Estimating Relationships" 
into  the center box.     The  CERs are a  subset of  the  totality of CERs  currently 
available.     The  arrow   leading  from  the globe,  which represents  the  real world, 
to  "Cost Estimating Relationships"   indicates   the  continuing effort  to  develop 
additional CERs and   to  improve the  set of CERs available   in the data base. 
The   fourth  element,   "Organize Data   for  Users,"   is  depicted  by   the  arrow 
leading   from the  center box  to  "Cost Output,"  and   represents  the  cost  outputs 
organized appropriately   for  the user. 

The  computerized   cost  model   provides  time-phased  estimates  of  system 
costs.     These  costs may  be  organized   into   the   three output   cost  categories   -- 
RDT&E   (Research,   Development,  Test,   and  Evaluation),   Initial   Tnvestment,   and 
Operations  --  the Air  Force budget  codes,  or both.     For  systems  in  the  ad- 
vanced  planning  stage,   this model  provides  the  estimates rapidly and   thereby 
allows consideration of many more  alternative  approaches  than would be 
feasible  if  the  calculations were  performed  manually. 

The computerized  model also provides  trn multiple outputs  required   for 
a cost   sensitivity  analysis of systems  in  the  design stage.     This  type of 
analysis  is  usually  performed  to determine   th.'  relative changes   in  total   sys- 
tem cost obtained when different values are assigned  to  selected  parameters. 

3 





2.0    DESCRIPTION OF COMPUTERIZED COST MODEL 

In the  computerized cost model,   the cost  element estimates are converted 
to dollars,   stored  in  the  structure,   and organized  into output  tables by 
computer programs,     A graphic  representation of the model   is  given   in Fig.   2. 
Operational  features of  the model are a multi-pass capability  and   the 
sensitivity  analysis   feature. 

The  inputs  to  the  computerized cost model are direct or  indirect 
estimates of cost  elements of  the cost  structure,  data  tables which contain 
values and  parameters   for CERs,   table nomenclature,   information on  tables 
desired,   and   the  changes  to cost   factors or   input  cost  element   estimates 
for sensitivity  analysis.    Although  the  system description  is   indicated as 
an input on Fig.   2,   it   is not  used directly  in the calculation of system 
costs but   is  useful   in  identifying  the   system being costed. 

A set  of computer  programs has been written which  processes  these data. 
Executive programs control  the  flow of data and calculations.     The CER sub- 
routines have been organized  to  permit  expansion of existing CERs and 
incorporation of new CERs as  they are developed.    Standard  table  subroutines 
for generating  tables described  in Section 2.5 have been programmed.    A 
capability  also  exists   to develop  tables different  from  the  standard   formats. 

The outputs   from the computerized model  are  the desired   tables and a 
detailed   listing of  the  cost  structure.     This   latter  listing   is  useful   for 
additional  analysi.- and   for CER development. 

2 .1    Cost  EstlmatinR Structure 

The  cost  estimating  structure   is   the master  table  in which direct 
dollar estimates  and  computed dollar costs are   stored.     The detailed  entries 
in  the  structure   for any  particular  system analysis depend on  the  system 
costed;   some elements of  the structure may be deleted,  while new elements may 
be   included,   under  the  control of  the  analyst  making  the cost   estimate. 
Hence,  only  a  listing of  the major  elements within each category  in  the 
structure  is given below.     Jones   (Ref.   5)  defines  in more detail  the  re- 
sources and  activities which are  included within the  system cost  elements. 

The organization of  the  structure  by major classifications  is  presented 
in Fig.   3. 

The detailed  elements of  the  structure  are  presented on pages     86    to 
95      of Exhibit  2   in  the Appendix. 

are 
The major cost elements associated with the General System subsystem 

a. System Design 
b. System Integration, Test, and Evaluation 
c. System Management 
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The major cost elements associated with  the  five  hardware subsystems 
are all   identical: 

a. Mission Equipment 
b. Aerospace Ground Equipment  (AGE) 
c. Replacement, Maintenance,   and Rentals 

The  cost elements of  the Computer Programs  subsystem have  been developed 
analogously  to   those for  the hardware subsystems.     The major cost elements 
are: 

a. Mission Programs 
b. Utility and Maintenance Programs 
c. Program Maintenance and Operational Exercises 

The major  cost elements  within   the  Personnel  subsystem are; 

a. Operational Personnel:     Development and Training 
b. Equipment Maintenance and  Support Personnel:     Development and 

Training 
c. Personnel Operations 

The major cost elements associated with the Facilities and Support 
subsystem are: 

a. Operational and Support Facilities 
b. Initial  Stocks 
c. Organizational  Equipment 
d. Facilities  Maintenance and  Operation 

2.2    Cost Estimating Relationships 

A set  of  cost  estimating relationships  (CERs)   is maintained as an 
integral  part  of   the   cost model.     The   formal documentation of each CER, 
which  is  external   to   the model,   constitutes a portion of   the  data base  for 
electronic  system costing.* The organization and codification of   the CER set 
within  the model  parallels  that of   the data base  itself,   thus  facilitating 
use and  interpretation of CERs.     Similarly,   the CER    set   in   the model  is 
updated and  expanded   in parallel with  data  base updating and  expansion. 
Such updating  is   in addition  to   the ad  hoc modifications   to   the  CER set   that 
one may make   in any particular  study. 

The CERs  are stored  in  the  computer as addressable  subroutines.     They 
have single  or multiple  inputs,   including,   in some cases,   costs  computed by 
the model.     The   locations  of   the   inputs within  the  computer memory are  given 

Morris,   Reference  6 



by a  parameter table.     The values of the factors  and  percentages used  in 
CER calculations are contained in a cost factor  table. 

The more frequently occurring types of CERs  are  shown in Fig.  4.    A 
detailed descripiion of each CER is  given  in Section 3.2. 

2.3 System Description 

Data   forms are  being developed which describe  the  subsystems of   the 
system with respect   to configuration,  performance,   operatiOiial  concepts,   and 
implementation concepts.     In   later versions  of  the computerized model,   it  is 
expected   to modify  the   input  cost element estimate  sheets  so  that   time-phased 
costs may  be computed directly  from  the  system description. 

2.4 Input  Cost Element  Estimates 

For each element   in   the  Cost Estimating Structure  as applicable   to   the 
system under consideration  (see  Section 2.1)  an analyst may estimate  costs 
either  (1)   directly   in   terms  of a dollar estimate,   or  (2)   in  terms of   the 
physical  resources needed or other  indirect parameters,   specifying CERs   to 
convert  such parameters   to a dollar equivalent.     Such   inputs are  specified 
by  fiscal  year  intervals  covering a  future  period of up  to  ten  years  plus a 
total   for  years prior   to  the   ten-year period.     The   total  for prior years may 
be  stated   in  terms of dollars while,  at  the  same   time,   future year costs may 
be  stated   in  terms of  resources  or other parameters.     Exhibit  1 contains   the 
input  data   formats  to  be used  by  the analyst. 

Flexibility is  provided  in choosing  the   level  of aggregation at which costs 
<i»   estimated,  since any one  of several  levels  of  aggregation    is  possible. 
For  example,   exploratory or  feasibility studies  associated with specifying 
system  requirements  and  system analysis during  the advanced planning stage  of 
a   system's   life cycle     require   less detail  (and   less  is  available)   than  is 
needed   (or  available)   in   the   system design  or   system acquisition  stages. 
Consequently,   in  the  earlier  stages,  one  generally  prefers  to estimate  costs 
in  more   general   terms,   _i.   e.,   at  high  levels   of  aggregation,  while   in   the 
design or acquisition  stages,   one   generally makes  use  of more detailed 
information  available.     Moreover,   for a particular analysis,   some costs may  be 
specified   in detail and others   in more  general   terms. 

2.5 Output   Tables 

The organization of data into output tables is determined by the expected 
uses of the cost model, as discussed Lc Section 1.3.  Because the outputs may 
be used for different purposes and because different levels and types of 
aggregation may be required, it is desirable to be able to select from a 
variety of output formats.  A major feature of the computerized cost model is 
its ability to generate different output formats with various levels of detail. 
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2.5.1 Standard Tables 

To satisfy frequently recurring needs,  a set of  standard  tables 
is provided: 

Table Type Title 
A Summary Cost Estimate   (by major cost elements) 
B Detailed Cost Estimate  (by intermediate cost elements) 
C Summary Cost Estimate  by Budget Codes 
D Subsystem Cost Estimates  by Budget Codes 
E Hardware Subsystems Cost Estimates by Budget Codes 

Formats   of   these   tables are  shown  in Appendix A,  Exhibit  2,   pages 
81       to      85.    The  costs  in  the first   three   tables are aggregated by  the 
three  output cost  categories,   RDT&E (Research,   Development,   Test,   and 
Evaluation),   Initial  Investment,  and Operations.     The costs   in  the   last   two 
tables  are aggregated  by  the appropriate  subsystems of  the structure.     These 
tables can be used  to show total system costs over all phases  of a system 
life  cycle,   for a  particular  phase,   or  for sub-subsystems of   the nine  sub- 
systems.    This capability,   called  the multi-pass   feature,   is described  in 
Section  2.6. 

2.5.2 Analytical Data 

The standard tables are intended as outputs to the user of cost 
studies. The cost analyst himself, however, should have more detailed data 

. jilahlt- so that he can trace the computer operations for analysis purposes. 
Consequently, a listing of all data inputs, a print out of the structure after 
all costs were computed* (if the analyst so desires), and, in the case of cost 
sensitivity analyses, a list of the changes made for each run of the program, 
are produced. 

2,6    Multi-Pass Feature 

The  computer  program has  been designed with a multi-pass   feature  (Fig.   5) 
which  permits aggregation of cost estimates   for more   than one  set  of  input 
cost  element estimates.     Hence,  while  the  capacity of  the model  permits 
estimating the costs  of only one set of  nine  subsystems at a   time  (called a 
pass),   the multi-pass   feature  permits   the  analyst  to obtain   total  system, 
_i.e.,   run,  costs  while  aggregating system costs  by: 

a)     Packages  or  Phases 

Electronic   systems  are  frequently acquired   in an evolutionary manner 
with  each  incremental   improvement   being called  a   packayt  or  phase.     In   such 
cases,   costs are  desired  separately for  each  package as well  as   for   the  systen. 
as  a whole 

See   table SIS of Appendix A,   Exhibit 2,   pnges    86     through 95. 
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b) More  than Nine Subsystems 

If an analyst desires   to estimate costs   for more  than nine subsystems, 
he may do  so  by making additional passes  and accumulating the  results 
to obtain   total  system costs. 

c) Identification of  Costs of Sub-Subsystems 

An analyst may desire a breakdown of  sub-subsystem costs.     This  can 
be accomplished  by making a separate  pass   for each sub-subsystem and 
then aggregating costs  for   the  subsystem  as  a whole. 

In addition  to   the  time-phased costs  by pass   or   total  system (run)   listed 
in  section 2.5.1,   summary  costs  by passes   (with   the  system  total also  presented) 
are  available.    Page     96    in Appendix A,   Exhibit   2, is an example of   this   type 
of   table. 

2.7     Sensitivity Analysis 

The  computerized model   is  designed   to provide   the multiple  outputs 
required  for a cost  sensitivity analysis.     Cost  sensitivity analysis   is   per- 
formed   to determine   the  relative changes   in system  cost obtained when 
different  values  are  assigned   to selected  parameters.     Parameters which  are 
determined  to be  relatively  cost-sensitive  possess  a  significant pay-off 
potential  in  terms  of allocation of  limited  resources  and  therefore deserve 
special  attention  in system  planning and design. 

Cost sensitivity analysis   is accomplished  as   follows.     The   initial   input 
data  associated with  the  first  run are  stored.     The  analyst specifies   for 
succeeding runs  only  the  changes  he desires   to make.     These changes   (Fig.   6) 
may  be   any or all  of   the   following: 

a) New values   for   the   input cost element  estimates 
b) Different  values   for  cost  factors  or  percentages 
c) Incremental  changes   to cost  factors or  percentages along with   the 

number  of   times   these   increments   should   be  applied. 

In Cases a and   b,   if  several  runs  are made,   all  data  that  were modified 
in   the   previous  run  are  first   restored   to   the values   they had   in   the  original 
run.     Thus,   for a change   to  be carried   through several  runs,   it must  be 
respecified  for each  run.     In  Case c,   increments   to   the  factor  are cumulated 
and data are  restored  only after  the specified  number  of   incremental  changes 
is made.     For example,   for   five  increments  of  ten,   10,   20,   30,   40,   and  50 
are  added  to  the  original   value  for  the   five runs. 
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In addition  to printing out  the  tables  specified  for each  run,   total 
(non-time  phased)  costs  for each run  are stored   in a single summary  table 
(Table  R) with  tbl   totals   for  up to  eleven runs   presented on a single  sheet 
for  analysis.* 

2.8     Planned Extensions 

The  features  described are now available on   the operational model.     As 
experience  is  gained,   changes  and   improvements will  be made   in   the  output 
formats,   structure  and CERs,   and  this manual will  be appropriately updated. 
In addition  to  such  normal  evolutionary changes,   specific areas   for   improvement 
and extension of   the model  have been  identified   (Fig.   7).     It   is  planned   to 
program   the operational model   for   the  IBM 7030  in  the Fall  of   1963;  at   that 
time,   minor changes  and at   least  the   first extension  (Section   2.8.1)  will  be 
incorporated. 

2.8.1 Transformation Coefficients 

Cost estimates  derived by  the   initial model are  usually  time-phased 
in  terms  of  total  obligational authority.    Other  possible   time-phasings  are  by 
year  of expenditure,  _!.£.,   when payments  are made,   or by year  of delivery, 
e £. ,   when equipment  is delivered or when personnel  are   trained.     The   time- 
shifting of costs   from one  of   these  three modes   to another can  be  accomplished 
by  factors called   transformation coefficients,  which are stored  in  the 
computer    and are  subject   to  change  by   the analyst  for a particular analysis. 

2.8.2 Uncertainty Estimates 

It   is  highly desirable  to provide  estimates of   the  accuracy 
associated with cost estimates.    Major areas  of  uncertainty  in  system cost 
estimates  are  (1)   uncertainties  related  to what   is  costed,   i_.e.,   the  system 
description,  and  (2)  uncertainties   in   the costs  estimated  for  a  given system 
description.     Estimates  of   the second  type of  uncertainty can  often  be 
developed with standard  staristical  procedures,   while cost sensitivity analysis 
coupled with subjective   probability  techniques  can  be  used  to  show how  costs 
vary with  variations   in system parameters. 

Provisions will   be made   to   incorporate   in  the model  estimates  of 
the  uncertainty associated with   the various   input  elements.     Using such  data, 
estimates of  the uncertainty --measured,   for example,   by  the  standard error-- 
can be  obtained  for elements   in  the output  formats.     These,   in   turn,   can  be 
converted   to subjective  confidence  statements  concerning  the  probability, 
called   the  confidence coefficient,   that  estimated  costs   lie within calculated 
confidence   limits. 

* 
See  Table SAM  in Appendix A,   Exhibit   2,   page 97. 
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2.8.3 Interdependent  Relationships  for Sensitivity Analysis 

The  cost   sensitivity analysis  procedure described   in Section 2.7 
requires  the  analyst   to  specify  the  elements-  he desires  to change directly. 
In  subsequent modifications to   the model,   a  set of inter-relationships 
between elements will  be  stored  in  the computer  to permit  a more automated 
sensitivity analysis  to be performed. 

2.8.4 ReprogramnunK 

Once  resources have been committed  to  the acquisition of an 
electronic   system,   it   is often necessary   to determine  the costs of possible 
reprogramming actions  such as changes  in  schedule,  £.&.,  either end dates or 
intermediate milestones,   changes  in configuration,   such as number of 
units or  sites  to be   included,   and  changes   in  the acquisition plan.     It  is 
also necessary  to  estimate  the  effect on  schedules caused by   the   imposition 
of new budget  constraints.     The computerized  cost model will be  extended  to 
include a capability  to estimate  system costs when any of the above changes 
occur or arc  simulated. 

2.8.3    Performance-to-Cost  Relationships 

The  set  of CERs  initially developed   for  the cost  model  pertains 
to  the relationship between  system elements and cost.     CERs  that   relate 
performance and   functional  parameters  to cost would be  particularly useful 
in  the  system requirements and advanced  planning  stages of  the  system cycle 
when details of the  system configuration are not  known.    As  such CERs are 
developed,   modifications will be made  to   the  cost model  computer  program to 
provide  for  their  use.     These  performance-to-cost  relationships would  permit 
costing directly   from the   system description   formats mentioned   in Section 2.3 
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3.0  PRIMER 

This chapter is intended to provide a more detailed description of the 
model, and is oriented to the analyst using the model   The first section 
(3 1) discusses the input cost element estimates and describes the sheets 
used for recording the data   The next section (3 2) discusses briefly the 
Cost Estimating Relationships (CERs) which have been programmed for the model 
The factors and percentages associated with the CERs are discussed in section 
3.3.  The types of output tables available and the necessary specifications 
to generate them an discussed in the following section (3.4).  Finally, the 
manner of specifying changes for sensitivity analysis is described in 
Section 3.5. 

3 1  Input Cost Element Estimates 

Exhibit 1 in Appendix A presents the data sheets used in preparing the 
system cost estimate  The first ten pages of the exhibit, 65 through 74. 
are the Input Cost Element Estimate Sheets, one sheet for each of the nine 
subsystems of the electronic system and a tenth with identical column 
headings  but no preprinted data  The latter is used for changes to the 
usual method for estimating costs, for recording additional cost elements, 
and tor changing input cost element estimates in sensitivity runs.  Only the 
non-shaded columns are key punched, and these under control of a check in 
the first column.  The shaded columns assist the analyst in preparing the 
es timate . 

The input cost element estimate sheets in the exhibit provide an example 
of the amount of data usually required from the analyst to cost a subsystem 
in one pass.  It should be noted that in general less than one-half of the 
elements require input estimates, although each cost element is checked at 
least once, so that at least one card is prepared for each element.  Those 
elements with starred CERs (requiring no input data) do not require any 
entries in the "Y" field, while a "7" is required in the "Y" field for those 
elements which are not to be costed and do not have starred CERs.  The X's 
in the "years" fields indicate where numbers were inserted ftr the purpose 
of calculating the sample output tables shown in Appendix A, Exhibit 2. 

A set of sheets is filled out for each pass of the first run, the pass 
being identified at the top of the sheet: in the space provided. 

Since more than one CER is available to the analyst for some of the 
elements, the analyst must insert a check in field one for all lines he 
desires key punched.  If any costs are estimated for a subsystem, at least 
one card must be key punched for every element in that subsystem.  If the 
analyst does not desire to cost an element, he merely writes a "7" in field 
ten for the first line of that element; this code sets the costs for that 
element to zero, and thus eliminates the need for key punching any additional 
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<^rds required by the CER.  However, additional cards may be required for 
tae  first run in certain sensitivity analysis cases (see section 4.1.3). 

If no costs are associated with any of the nine subsystems for any 
particular pass, it is necessary to make only one entry for each of such 
subsystems.  The usual CERs for the first element of these subsystems are 
changed to 99XX where XX refers to the subsystem number (01 through 09) and 
a scale factor (field ten) of M0" (not "7") is entered.  The computer program 
will then automatically set all cost elements for these subsystems to zero 
costs. However, if costs are to be estimated in subsequent runs for the 
same pass for which a subsystem is "zeroed" in the first run, the 99XX CER 
(called CER 99) must not be used; rather, cards must be entered for every 
element, with the first card of ench element containing a "7" in field ten. 
Also, CER 99 cannot be used in subsequent runs to "zero" a subsystem which 
was costed in the first run; cards with a "7" in field ten must be input in 
the sensitivity run for each element of the subsystem. 

Field one contains a check if the line is to be key punched (see above). 

Field two contains 06, the card code which identifies the data as an 
input cost element estimate.  Card codes associated with other types of data 
are described below. 

Field three, which is not key punched, contains the element name and 
number.  The element name appears on the output table of the Cost Estimating 
Structure.  The element number is organized to show the different levels of 
the structure and the additive relationships among the elements; for example, 
element 21200 is the sum of elements 21210, 21220, 21230, and 21240 while 
element 21210 is the sum of 21211 and 21212. 

Field four contains the sequence number  The number specifies the ^rder 
in which the elements are stored in the structure, thus providing the means 
by which the computer locates the element for generating costs of other ele- 
ments or output tables. 

Field five contains a shortened budget code that is not used for develop- 
ing the output tables organized by budget codes in the current operating 
program.  This code is octal; a "7" is used rather than an "8" for P800 funds, 
and "0" signifies an element which is the sum of costs with different budget 
codes. 

Field six contains the four-digit code of the CER usually used in 
estimating rhe cost of the element.  The two leftmost digits of the code 
represent a particular CER formula; these currently range from 00 to 35 plus 
the special 99.  The two rightmost digits -- the CER line number -- are 
numbered serially; the maximums for each CER vary with the expected use of 
the CER and currently range from 3 to 100.* The entire CER code uniquely 
identifies parameters required to cost that element. 

There is no maximum for CERs such as 01, Direct Dollars, which require 
no parameters. 
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Field  seven contains   the card  number associated with an element and 
particular CER.     The exact  number  of  cards associated withaCERmust  be 
prepared  if  any non-zero cost estimates  (direct or   indirect)  are entered 
for  that element.    However,   if  no  costs are  to be  obtained  for  that element, 
only one  card   is  necessary.     (See  Section 4.1.3  for  exceptions  to  these  rules.) 

The  next   two  fields,   eight  and nine,   provide   the  analyst with  information 
about   the  usual  CER  listed  in  field six.    Field eight   identifies   the  unit  of 
measure  for   the data  in  fields   thirteen  through   twenty-two  (and also possibly 
field   twelve) .     An asterisk   in  field eight  indicates   that  no data other   than 
those   in  fields   two and   four   through  seven need  to  be  key  punched.     Whenever 
the  unit of measure  is  a  percentage,   field nine  references   the elements  of 
which   the  percentage   is  being  taken 

In  field   ten a scale   factor  ranging from zero  to  six provides   the 
analyst   the   flexibility of  specifying his data over a   «'ide  range of  values; 
the scaling applies  to  the  "years" data,   fields   thirteen  through  twenty-two. 
if   the  unit  of measure  is  dollars,   the scale  factor   is   interpreted as  a 
positive  exponent  of   10,   so  that   the analyst  can   input   from  $1  using a  scale 
factor  of zero,   to $99,999,000,000 by using a  scale  factor  of  fix.     If   the 
unit  of measure  is not dollars,   the  scale  factor   is   treated as a negative 
exponent  of   10,   so  that   the analyst  can  input   from   .000001  using a scale 
factor  of  six  to 99,999  using a  scale  factor of  zero.     A scale  factor of 
seven   in  the  first card of   the  element  indicates   that  no costs are   to  be 
calculated  for  that element. 

In  field eleven a  scale   factor associated with  the  prior  years   total 
column   is   indicated.     Exponents  zero  through  six are  used when   the   total 
for  pricryear(s)   is  given  in dollars;  a seven  in  this   field signifies   that 
the  prior  years   total   is   given   in   the  same  unit of measure of  fields 
thirteen   through  twenty-two,   and   the  scaling  is   identical   to  that specified 
by  field   ten. 

The estimate of all  years  prior   to year N  is  entered   in  field   twelve 
which  has  provision  for  six digits.     To enter a dollar  estimate  in  field 
twelve   for prior  years,   codes  0  through 6 are  used   in  field eleven.     To 
estimate  prior  years  costs   in   the  same unit of measure as   later costs, 
code   7   is  used   in field eleven. 

Fields   thirteen   through   twenty-two are  used   to  enter   time-phased 
estimates   (maximum of  five digits)   for years  N  through N + 9.     The  year 
corresponding  to  year N  is  specified  along with  other  control   information 
on Cost  Model Work  Sheet  #1.     As mentioned  previously,   the     unit of measure 
of  each  entry  is   given   in  field  eight,   with  the data   scaled  by  field   ten. 

The   last   field,   twenty-three,   contains  a  sort  code   for  arranging   Lhe 
data   into  a  sequence  which  permits   costs   to  be  computed  with a minimum 
number  of   iterations.     For  example,   the   total   for  Data  Processing 
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(element  20000)  cannot be calculated until  the Mission Equipment   (21000), 
AGE   (22000),   and Replacement Maintenance and Rentals   (23000) costs have been 
computed.     The  sort codes  for these  elements are  thus assigned to reflect 
this  fact. 

« 

3.2    Cost Estimating Relationships 

The CERs currently available   in the computer may be organized  into  seven 
groups. 

3.2.1 Direct Dollar Estimates 

Two CERs, 01 and 24, are available for operating on direct 
dollar estimates. In CER 01, the analyst estimates time-phased direct 
dollar costs; a total over years is calculated and the total and time-phased 
costs are stored in the proper locations of the structure. In CER 24, 
Multiple Direct, the analyst estimates four sets of time-phased direct 
dollar costs; these four costs are summed for each time period, and these 
time-phased  costs and  the  total over years are  stored   in  the structure. 

3.2.2 Totals 

Nine CERs  -- 02   through  10,  Total of 2  through Total of  10  -- 
calculate dollat     totals of  two   through  ten elements.     Total costs are 
obtained  for  individual years and  a  total over years.     No  inputs in fields 
thirteen through  twenty-two are required  for these CERs. 

3.2.3 Percentages 

The CERs related  to percentages are classified   into  three  types: 
Percent  Direct,   Percent  Spread,  and  Percent Operations. 

Percent Direct  and  Percent  Spi?acl are  usually  used  in the RDT&E 
and   Initial  Investment  phases.     Total costs  for an element  are calculated 
as a  percentage of some reference  element;   the  time-phasing  is  then specified 
by  the  analyst  either in  the  same  time-phased pattern as  the reference 
element   (Percent Direct) or  some other time-phased  pattern   (Percent Spread). 
Percent  Operations  is normally used   for generating operating costs where 
each annual operating cost  is  a  percentage of some  initial   investment  cost. 

3.2.3.1     Percent Direct 

Two CERs  --   11  and   12,   Percent Direct   (1)  and Percent Direct   (2) 
calculate costs as a direct  percentage of the cost   (or  sum of costs) of  some 
reference  element(s).    The costs are  time-phased   in an  identical  fashion as  the 
reference  elements;  hence,  no   inputs are required   for  fields ten through 
twenty-two.     For CER 11,   the cost  is calculated as a percentage of a single 
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reference element,  while  for CER 12  the cost  is  calculated as  a  percentage 
of   the  sum of  two  reference elements. 

Element  21122,   Development Tooling and Test  Equipment,   is  an 
example of  thp use of CER   11.     The  costs of element  21122 are assumed   to be 
allocated  in  the   identical   time-phased  spending pattern as   the  reference 
element  21121,  Mockups,   Prototypes and Other.     Consequently,   the  costs  of 
element  21121  for  each  year are multiplied  by a  percentage  stored   in   the 
Factor  and Percentage   table   to generate  the corresponding year's  costs   for 
element  21122.     If  25  percent of element  21121^  costs were   in Year  N and 
75  percent  in year N -»-  1,   then 25  percent  of element  21122^  costs  would 
also  occur  in year N and  75  percent   in  year N +  1. 

3.2.3.2    Percent  Spread 

In   Percent  Spread,  a percentage  is   taken of  the   total  cost 
(or  sum of costs)   of  the  reference element(s),   and  the costs   then   time-phased 
by percentages    which sum   to  100 percent     that   the analyst enters   in  fields 
twelve   through  twenty-two       If direct dollars  are  input  in prior  years   total, 
the  percentages   input  in  fields  thirteen  through   twenty-two must  sum  to  less 
than   100 percent. 

In CER  13,   Percent Spread  (1),   the   total costs  of a  single 
reference element  are  spread,  and in CER  14,   Percent Spread  (3),   the  sum of 
the   total costs  of   three  elements are  spread.     CER 25,  Multiple  Percent 
Spread,   is a special  percent  spread currently used only for an element  in 
the   facilities and  support  subsystem.    As   in CER  14,   the sum of  total  costs 
of   three  reference  elements  are spread.     However,   four different   inputs,   each 
with   independent  percentage  allocations,   are used  for  spreading  these  costs, 
and   the   time-phased costs   for each  time  period are  obtained as   the   sum of 
costs     spread  by   the  four  allocations. 

An example  of   the use of CER  13   is  element  21230,   First 
Destination Transportation   (FDT),   costs  of which are  generated as  a 
percentage of   the   reference  element   21210,   Prime  Equipment.     As  contrasted 
to   the  Percent  Direct  case,   however,   costs   of  element  21230  are  usually  not 
generated  in  the  same   time-phased pattern as  element  21210.     If Prime Equip- 
ment  costs were  spread  evenly over year N + 2, N + 3,   and N + 4  for example, 
and   the  transportation costs were  to be allocated evenly to years N + 4 and 
N + 5,   the analyst would  enter  50 percent  in each of   the  latter   two  years 
for  the FDT element  (input   =  5 with a scale   factor Y »  1),     The   total  Prime 
Equipment cost would  then  be multiplied  by a  stored FDT percentage and   the 
product allocated  50 percent   to year N + 4 and  50 percent  to year N + 5. 

Element  91240,   Contingencies,   is   the only element  using CER 25. 
Four  sets of  time-phased  percentages,   each   totaling  100 percent,   are  entered 
in  fields   twelve   through  twenty-two  to  represent   the  time-phasing of  site 
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exploration,  construction supervision, contractor's overhead and profit and 
contingencies.    The total costs of each of these four items is computed by 
multiplying the respective stored percentage by the sum of the totals of 
elements 91210,  91220 and 91230. 

3.2.3.3    Percent Operations 

CER 15,  Percent Operations (1),  is closely related to the 
Percent Spread CL3 13 except  that  the sum of input percentages is not s 
criterion.    A percentage is taken of the total cost of the reference element, 
and  the costs are then time-phased by annual percentages entered by the 
analyst  in fields  twelve through twenty-two.    These annual percentages are 
usually  100 for normal operating conditions,   less than 100 for partial 
operations,  as  for example,  during  implementation or phase out,  and may be 
greater  than 100 for years with  special requirements. 

Follow-on spares,  element number 23110,   is an example of 
Percent Operations.    Assume  that  the  system will build  up to   full operating 
level  in  the interval  from year N + 3 to year N + 4,  will operate normally 
for the four years N + 5 to N + 8,  and will then phase out in one year.    The 
analyst would enter 33,  67,   100,   100,   100,   100,  and 50 percent as 33,   67, 
100,   100,   100,   100,  50 in years N + 3 to N + 9 respectively with scale factor 
2.     For each of these years,   the percentage  is multiplied by the product of 
the stored  factor  for follow-on spares in percent per year and the reference 
element  total,   i..e.,  the total of element 21210,   to generate follow-on spares 
costs. 

3.2.4 Factors 

CERs   16,   17 and  18,  Factor   (1),  Factor  (2),   and Factor  (3), 
convert  estimates of resources  such  as "number of instructions" or "man- 
years contractor engineering"  to dollars through the use ot  factors such as 
dollars per instruction or dollars per man-year contractor engineering. 
In CER 16,  one  resource estimate  is entered and converted  to dollars;   in 
CER 17  two  resource estimates  for  the  same element are entered,  converted  to 
dollars,  and  sunmed  to obtain  the element cost estimate;   in CER 18 three 
resource estimates  for the same element are entered,  converted  to dollars, 
and summed  to obtain the element  cost. 

3.2.5 Mixed Direct Dollars.   Percents,  and Factors 

CERs  19 through 23 and 27 are combinations of direct dollars, 
percents and  factors.    These CERs give to  the analyst considerable 
flexibility  in calculating costs  since he may combine estimates of various 
types. 

CER  19,  Percent Spread Special,   is a variation of percent spread 
in which the total  for "reference element" is replaced by the product of a 
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stored  factor and data entered  in  field  thirteen of   the  second card of   the 
element associated with  the CER.    For example,   in element 81220,  Positional 
Handbooks,   the   time-phased percentages which define   the  spending pattern are 
entered  in  the  first card  as   in CER  13,  but  then  the  percentages are  applied, 
not   to  some  reference element   total,   but  to  the  product of  the data   in   field 
thirteen of  the  second  card  (number of operator  positions)  and a cost   factor 
(dollars  per operator position). 

CER 20,  Factor  (1)  + Direct Special,   is  a sum cf  direct dollars 
and   resources  converted  by a  variable   factor.     The   resource  estimates  are 
entered on  the   first card;  direct dollars are  entered en  the  second  card; 
and  data are entered  in  field   thirteen of  the   third  card.     The  variable 
factor  associated with  the   resource  input  is  obtained  by multiplying  the 
entry  on   the  third card  by a  stored cost  factor. 

An example of   the  use  of   the CER can  be   seen  in element number 
81210,   Initial  Training  (Operational Personnel),   where   the   time-phased 
resources  on  the   first card,   number of men  to  be   tiained each  year,   are 
nultiplied  by  the  product  of   the average   length  of   the   training course 
entered  in  field  thirteen of   the  third card    and a  cost  factor representing 
dollars  per man-month for   training.     Added   to   these   time-phased costs  are   the 
time-phased direct dollar  costs  of  special   training aids entered on   the 
second  card. 

CER  21,  Factor   (2)   + Direct Special,   is  a  sum of   two resource 
estimates     on cards one  and   two,  a direct dollar  estimate on card  three,   and 
a  variable  percentage computation. 

The  variable   percentage  computation  consists  of multiplying 
time-phased entries  on  the   fourth card  by  the  product of a stored percentage 
and   the  sum of   the   totals   of   five  reference elements. 

An example  of   the  use  of   this  CER can  be   seen  in  element 
number   12130,   Intra-System  Integration Tests,  where   the  four   time-phased 
data   inputs are   in   terms  of:     1)  man-yearo  contractor  engineers;   2) man-years 
contractor   technicians-,   3)   dollars   for   r^st equipment;  and 4)   months  of 
testing.     The  first   three  cards  are   treated as  described  in CERs   17  and  01. 
The  analyst enters   in  the   fourth card   the duration  (in months)   of   the   testing 
program   in  its  applicable   years;   for each year's   input,   the  number  of months 
is multiplied  by a  predict  of   (1)  a  percent  per month and  (2)   the  sum of   the 
prime  equipment  hardware  costs,  ,!•£.,   the   totals  of  elements   21210,   31210, 
41210,   51210 and  61210,   to  give  a  cost  for  spares  consumption  during  the 
tests . 

CER  22,  Factor   (4)  + Percent Spread,   is  a  combination of   four 
resource  estimates  and a  percent  spread. 

CER  23,  Factor   (4)  + Direct Special,   is   the  same  as CER  21  except 
that   there are  four  resource estimates   instead of   two. 
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CER 27,   Factor   (2)  + Direct,   is a combination of two  resource 
estimates and  a direct dollar estimate. 

3.2.6 Move and Subtracts 

Move and Subtract  CERs are currently used only  in the generation 
of output   tables. 

CER 26,   Move,   sets   the  time-phased  costs of a  table  entry  equal 
to  the   ^ime-phased costs of a   structure cost  element or another  table entry. 

In CERs 28,   29 and  30,   Subtract   (1),   Subtract   (2),  and 
Subtract   (3),   the  time-phased  costs of an element or   table  entry are 
diminished by  the  time-phased  costs of one,   two or  three other elements or 
table entries,   respectively.     CER 33,  Total of   (4) Minus   (1),   subtracts 
the time-phased  costs of one element or table entry   from  the  sum of time- 
phased costs of  four other elements or table entries. 

3.2.7 Unassigned CER Numbers 

CERs 31,* 32,  34,   and   35 are presently unassigned.    These CERs 
will be  utilized as other mathematical  functions  such as exponential and 
multiple  regression relationships are developed. 

3.3 Factors  and  Percentaxes 

Essential  to cost estimation are  the  factors and  percentages  used by 
the CERs;   in Appendix A,   Exhibit  3,   is a  listing of  the  current   factors and 
percentages.     Since the values  for   these  factors and percentages have been 
developed   from a continuing analysis of past data and  are  constantly being 
updated  and  improved,  no numeric  values are  shown. 

The basic set of factors is maintained on a deck of cards which is 
input at each model processing time. Thus, one may change values or add 
factors merely by changing or adding cards. The analyst specifies these 
changes or additions on Cost Model Work Sheet #1 (Appendix A, Exhibit 1, 
page 75).     . 

3.4 Output  Table Control 

As  indicated  in Section 2.5,   eight  standard output  tables can be 
generated  by  the model   (see Appendix A,   Exhibit 2,   for  sample   tables).     Six 
of  the eight  tables,  viz.. A,  B,  C,   D,  E,  and  S may present  either  pass or 
run  information.     Table  F   (Table A over passes)  is associated with a  single 
run while Table R  (Table A over  runs)  presents  summary data  for a  set of 
runs.    The  analyst  selects  the  particular tables he desires and  specifies 
a  table number and  the number of decimal places by appropriate entries on 
Cost Model  Work Sheet #1   (MCF 1009n). 

CER 31  is   temporarily being used  as  a continuation of CER 29 until  the next 
model  updating. 



Provision is made on this work sheet to identify the system by name or 
number, along with the number of passes per run and the number of runs to be 
made. 

For  the  first  run  the  analyst assigns  a  run number and   for Tables A,  B, 
C,   D,   E,  S,  and  P,   specifies "print" or "not   print."    If print,   the number of 
decimal places and   table  number to be assigned are  specified,  where  tables 
give  results  in millions of dollars and a  table  number of  three alphanumeric 
characters  is  permitted.     Also specified  is   the  same  information  for   the 
individual  passes of  the   first run with  the  exception of Table P. 

In  the case of a   sensitivity analysis,   the  analyst  can  select   for 
printing any of the  tables described  previously  for any pass or run.     Usually, 
however,   the  same  sets of  tables are desired   for all  subsequent   runs   (and 
passes of each run)  after  the first.     Provision  is made on Work Sheet  #1 
for   table  specifications   for  these  subsequent   runs.    Also on  the work  sheet, 
the  analyst  specifies   the  number of decimal  places and  table number  for 
Table  R which  is  printed whenever multiple  runs are made. 

3.5 Multi-Pass Feature 

Several uses of the multi-pass feature are outlined in Section 2.7.  An 
example of its use is presented here. 

It may be desirable to aggregate and present system costs by functional 
groupings in addition to the resource aggregations represented by the nine 
subsystems.  For example, in determining the costs for SAGE, System 416L, 
it may be desirable to show in separate tables the costs of direction centers, 
long-range radars, gap filler radars, ground-to-air radio sites, etc.  By 
assigning a separate pass to each of these functional groups, the costs for 
each, as well as the grand total system cost, can be identified. 

The planning for the cost analysis of the SAGE 416L system is facili- 
tated by the completion of a table similar to Table 1. 

3.6 Changes for Sensitivity Analysis 

Changes for a sensitivity analysis are centered on the blank Input Cost 
Element Estimates Sheet (MCF 1009j) and on Cost Model Work Sheet #2 (MCF-1009o) 
shown in Appendix A, Exhibit 1, pages  74 and  76 , respectively. 

The changed element estimates are entered in the same manner as original 
element estimates with the exception that the card code (field two) is changed 
from 06 to -6.  The pass and run number associated with the changed element 
must be specified for each change at the top of the form.  Element numbers of 
these element changes are entered on Work Sheet #2 for ready reference in 
identifying the run in which the change is made. 
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TABLE 1 

EXAMPLE OF ORGANIZATION OF SAGE DATA FOR 
COSTING BY ELECTRONIC SYSTEM COST MODEL 

^  Pass 

Subsystem                  ^^ 

Direction 
Centers 

1 

Long- 
Range 
Radars 

2 

Gap 
Filler 
Radars 

3 

Ground-to-Air 
Radio Sites 

4 etc. 

General System 

Data  Processing X X 

Data Presentation X 

Communication X X X X 

Data Acquisition X X 

Aerospace Vehicles X 

|Computer Programs X X 

Personnel X X X X 

Facilities & Support X X X X 

PASS TOTAL 
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If the analyst desires  to change   the CER associated with  an  element   from 
one run to another,   the number of cards associated with  the modified CER must 
not  exceed  the number of cards associated with  the original     input   cost  ele- 
ment data  for that  element.     (See Section 4.1.3,  "-6 cards,"   for detailed dis- 
cussion of  this point.) 

Changes  to   factors,   identified  as N  in  the "N or  I" column,   are entered 
on Work Sheet #2  along with the run number  in which  the change  is  to be made. 
For  incremental  changes  to  factors,   the number of the  first   run  in which  the 
increment  is to be effected  is entered  along with the  factor  number,   size of 
increment,   identification as  increment   (I  in "N or  I" column)  and  number of 
increments  to  be  effected. 

The  incremental  change  is considered  additive,   i..e.,   the   increment   for 
a  run is added  to  the value of  the   increment of the  previous run.     The 
original value of  the   factor  is not  restored  until  the   specified number of 
increments has been accomplished.     For  example,   if  the original   factor is 
20 percent  and  three  increments of 3 percent are to be made  starting with 
the  second  run,   the values of the  percentage   for runs  1  through  5 are 20, 
23,   26,  29,   and 20 percent,   respectively. 
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4.0 REFERENCE MANUAL 

The  flexibility designed   into  the computerized  cost model  is achieved 
at the  expense of some   simplicity  in its operation.     Hence,   the utilization 
of  the many  features of  the model can best be achieved by  training a 
technical  specialist  to  prepare and  organize  the cards   for computer  process- 
ing,  and  to edit  the data  prior  to  processing.     This chapter,  which  is 
oriented  toward  the specialist's needs, describes  procedures  for  incorporating 
and  processing data into  and   through  the model.     The  procedure  is developed 
in Sections 4.1  through  4.6   (1   through 6,  respectively): 

1. Types of cards  used  with  the model and   steps  required  to  translate 
analyst's specification  from work sheets #1 and f/2  to key punch 
sheets  (Exhibit   1). 

2. Organization of data  for entry into  the  computer,   including an 
illustrative  1401   listing of cards. 

3. Table  Tape containing  the nomenclature   for  the  structure,  all 
standard output   tables,  and   formula  specifications  for generating 
the  tables. 

4. Procedures  for efficiently  using available CERs. 

5. Problems and methods of modifying the cost   structure. 

6. Methods of checking   for errors before and after key punching, 
including computer  error diagnostics. 

4.1 Types  of Cards 

Eleven card  formats  are currently used  in  the  cost model.    These may be 
organized   into   three  types:  model  cards,  control  cards,   and   system data 
cards.     Model  cards contain data which are usually,   but  not  necessarily, 
independent of  the  system being costed.    Control  cards are  used  to define 
the number of  systems,  number and  type of sensitivity  runs  per system,   and 
passes  per  run.     In addition,   they are used to  specify  the desired outputs. 
System data cards contain  time-phased  cost element estimates and  the changes 
for  sensitivity  runs.    Table 2   lists  the card code,   type,  and name  for each 
of  the eleven  formats. 
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Table 2 

Type« of Card« Uied in Cost Model 

Card Code        Card Type Card Name 

00 Control Header 

01 Control System 

02 Model CER Parameter 

03 Model Factor & Percentage Value 

04 Control Run 

05 Control Pass 

06 System Data Input Cost Element Estimate 

07 Control Sensitivity Element Change Count 

-1 System Data Sensitivity Factor & Percentage 
Increment 

-3 System Data Sensitivity Factor & Percentage 
Change 

-6 System Data Sensitivity Input Cost Element 
Change 

32 



All  entries  in  the data  tables used  in  the model are identified by a 
four-digit  code.    The   leading digit defines  the   type  of data;   the   following 
three digits are  a  sequence number  for  each  particular  type.    The  codes are: 

Code Type of Data 

Ixxx Element   in Structure  (Table S) 
2xxx Factor or Percentage 
3xxx Element   in Table A or B 
4xxx Element  in Table C,  D,  or E 

The  actual values   for  the   Ixxx codes are given by  the Sequence Numbers, 
field   four,  of the  Input Cost Element  Estimates  Sheets  in Exhibit   1;   the 
values  for 2xxx are  given by the  factor numbers   in the Factors and  Percentages 
listing of Exhibit  3;   and  the  3xxx and 4xxx codes are defined  in Exhibit  5. 

4.1.1    Model Cards 

Two of  the  eleven card  formats may be considered model   types; 
these  are  02,  CER Parameters,   and 03,   Factor and  Percentage Values. 

02  - CER Parameters 

CERs operate on data  stored  in  locations   specified by  the CER 
parameter  cards.    A maximum of   ten parameters may be  associated with  a CER, 
e.£.,   CER  10 and 23 each  require  ten.     No CER parameter cards are  required 
for CERs 01,  24,  99. 

The parameter cards  contain the   following  information  in  the 
designated  columns: 

Card Columns Information 

1-2 Card Code 
3-4 CER Number 
5-6 CER Line 
7-8 Subsystem Number* 
9-12 Sequence Number   (Structure or Table) 
13-14 Number of Parameters 
15-18 First Parameter 
19-54 Second  Through Tenth Parameters  as 

required 
55-72 Blank 
73-80 Identification 

Numbers 21  through 25  represent  Tables A  through  E,   respectively. 
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The identification  field, which   is  punched  in columns   73 to 00 
for all  types of cards,   completes  the data on  the card.     The  identification 
field consists of a  system code,  a run number,   a  pass number,  and a  sort 
code  as  follows: 

Card Columns Information 

73 System Code 
74-75 Run Number 
76-77 Pass Number 
78-80 Sort Code 

For model  cards,  where  system,   run and  pass have no meaning,  zeroes  are  key 
punched.     The  identification  field  is not  read by  the computer but   is used 
to  Identify  the data  for  future use and  to arrange  the data for input  into 
the computer.    See Section 4.2  for further discussion of this subject. 

The key punch  sheet   (MCF 10091)  for parameter cards is presented 
in Exhibit   1.     The 02  cards currently used with  the model are presented   in 
Exhibit   3. 

CER 2101  is an example of how the  parameter cards are developed 
and may be  interpreted.     This CER number is  located on page  104,    and  shows 
the relevant subsystem to be 01.    The sequence number,   1007,  identifies the 
element  using this CER as   Intra-System Integration Tests,   element number  12130, 
with eight  parameters required   to calculate  the  costs.     The  first three 
parameters 2003,  2004,  and 2208 refer to  factors  used  to convert Man-Years 
Contractor Engineers, Man-Years Contractor Technicians,   and Months Testing 
to dollars.     The next  five  parameters refer to  sequence numbers  1026,   1059, 
1092,   1127,  and  1160  (observe  that  these refer to element numbers 21210, 
31210,   41210,   51210,  and   61210 on  the  input data  sheet).     The  fact  that only 
the  totals of these  five elements are  required  is  incorporated  in the 
mathematics of the CER. 

03  - Factor and Percentage Values 

Factors and  percentages are used by many CERs.    These are main- 
tained as a deck of cards which may be updated by exchanging or adding cards. 
The analyst  specifies the ad   itions or changes to  factors on Work Sheet #1. 
These changes or additions are  entered on the Key  Punch Sheet  for Factors & 
Percentages   (and Changes)   (MCF  1009m)  in Exhibit   1,   page 79. 

03 is entered as the card code;   the  last  three digits of the 
factor code,  .i.e.,   sequence  number,   in the 2xxx series,  are entered as   the 
factor number  (the program will  generate the "2" code).    The value  for  the 
factor is  entered  in the Value or Increment  field  in the exponential  form 
shown on  the keypunch sheet;   for example,   1.54 percent  is entered as +1.540E-02, 
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while  $30,000 is entered as +3.000E+O4.    A description  field of   fifty-four 
alphanumeric characters   is available  for defining  the   factor and   its unit 
of measure, i.e.,  dimension.     Finally,  an  identification  field   completes 
the card.    The card   layout  is as  follows: 

Card Columns 

1-2 
3-5 

6-15 
16-18 
19-72 
73-80 

Control  Cards 

Information 

Card  Code   (03) 
Factor Number   (last  three 

digits of  sequence number) 
Value   (in exponential  form) 
Blank 
Description 
Identification 

Five of   the eleven card  types are considered control  cards; 
these are 00,  Header;   01,   System;  04,  Run;   05,   Pass;   and 07,  Sensitivity 
Element  Change Count.     The data  for the  first  four card  types are com- 
pleted   in the appropriate  formats on Key  Punch Sheet   -- System,   Run and 
Pass Control  Information   (MCF  1009k)  in Exhibit   1.     The 07 card   type  in- 
formation  is entered   for  key  punching on  the blank  Input Cost Element 
Estimate Sheet   (MCF   lOOS'j)   in Exhibit  1.    All data  in these cards are 
entered   in  their respective   fields right  justified,   !..£.,  with  the  units 
position at  the extreme  right.     For example,   in  the header card   field   for 
the number of  systems,  a  "one" would be entered   in column  14 and  not 
column   13.    The only  exceptions  to  the right   justification are  the entry 
of data  in the various description  fields,   where any columns may be  used. 
The   information entered on  the  kev  punch  sheets  is obtained  primarily 
from Work Sheets #1  and ^2. 

00 - Header 

The first card in the data deck is a header card, 
contains the following information in the designated columns: 

This card 

Card Columns Information 

1-2 
4-5 
7-8 
10-11 
13-14 
15-72 
73-80 

Card Code   (00) 
Month-Numeric 
Day-Numeric 
Year-Two   low order digits 
Number of Systems  to be Processed 
Description 
Identification 
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Card Columns 

1-2 
4-9 
11-13 
15-16 
18-19 

01  - System 

Data which describe  the relevant  system  information are entered 
on  the  system card.    One  system card  is required  for each  system being 
processed.     The  information required  is: 

Information 

Card Code   (01) 
System Name or Number 
Number of Runs  for  the System 
Number of Passes per Run 
Last Two Digits of Year Corresponding 

to Year N on  Input Cost Element 
Estimate Sheet 

20-46 Number of f lements  in Each of  the Nine 
Subsystems of  the Structure,   three 
columns  per subsystem. 

48 Number of Decimal  Places,   in millions 
of dollars,   for Table R  (Table A 
over  runs) 

49-51 Table Number Assigned  to Table R 
(alphanumeric  characters) 

52-54 Number of Additional Elements  in Sub- 
system Ten,   the Artificial Subsystem 
for Total  System Cost and Additions 
to Structure 

55-72 Blank 
73-80 Identification 

Tl:e data iot columns 20  through 46 are usually  fixed as 016,  033, 
033,   035,   033,   033,  020,   037,  and 019,   the number of elements respectively 
for  the nine  subsystems.     The non-costing of any elements does not  change 
the  number of elements  in a  subsystem.    A card  should be  entered  for each 
such  element  with a "7"  in  field  10.    Also,   the non-costing of an entire 
subsystem  (using CER 99) does not  change  the number listed above  for  that 
subsystem. 

The  tenth  subsystem normally contains only one  element,   the 
total   for  the nine subsystems.     For  this case,  columns  52-54 ar^ zero. 
Additional  elements added   to any  subsystem are  placed  in  the  tenth  subsystem 
and CERs are modified appropriately.    The number of elements  in the tenth 
subsystem will  then be only  the number of additions.    The  subject of 
additions   to  the  structure  is discussed  in more detail  in Section 4.5.2. 

04  - Run 

A  run card  is  prepared   for each run  to  specify  the output   tables 
desired   for   that  run.     In addition,   for runs beyond  the   first,   i..e.,  base 
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case,   the  nin     urd   "ists   th«  numbers of  each of   the  three  types of 
sensitivity changes which  are  permissible.    Run  cards contain: 

Card Columns Information 

Card Code   (04) 
System Name  or Number 
Run Number 
Blank 
1   » Yes,   0  » No--for printing Table A 
Number of Decimal  Places   in Table A 

(if  1   in Column   18) 
Table Number  for Table A   (alphanumeric 

characters)   if  1  in column  18 
Similar  to Columns  i8,  20,  and  21-23  for 

Tables B,   C,  D,  E,  S,   and P 
Number of Factors First  Incremented  in 

This Run. 
Number of  Factors Changed   for This Run 

Only  (not   including  factors con- 
trolled  by  increments) 

Number of  Input Cost Element Estimate 
Cards Changed  for This Run Only. 

Identification 

A pass  card  is  prepared  for each  pass of each run,   and  is  used 
solely   to  specify  the output   tables desired  for   that  particular  pass.     The 
format   used  to  specify  run output  is used   to  specify pass output;   thus,   the 
pass  cards contain: 

Card Columns Infurmarion 

1-2 Card Code   (03) 
4-9 System Number 
11-13 Run  Number 
15-16 Pass Number 
18 1  - Yes;   0  « No--for Printing Table A 
20 Number of Decimal Places  in Table A 

(if  1  in Column  18) 
21-23 Table Number   for Table A   (alphanumeric 

characters)   if 1  in Column  18 
23-58 Similar to Columns  18,  20,   and 21-23  for 

Tables B,   C,  D,  E,  and S. 
59-'2 Blank 
>3-8C Identification 
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1-2 
4-< ? 
11 -13 
14 -16 
18 
20 

21- •23 

25- •65 

67- •68 

r-9 70 

71- 72 

73- 80 

05  -  Pa ss 



07 - Sengitivity Element Change Count 

The sensitivity element change count card is required to identify 
the pass associated with input element changes for sensitivity runs. One 
card is required for each pass in a run in which input elements are changed. 
The card contains the pass number and the number of input element cards (not 
number of elements) which are being read in.  The information is recorded on 
the blank Input Cost Element Estimates Sheet (MCF 1009J) .  The card code of 
07 is entered in field 2 (card columns 1-2), the pass number is entered in the 
two low-order positions of field four (card columns 5-6), the number of cards 
input is ent  ed in the two low-order positions of field 6 (card columns 12-13) 
and identification is entered in card columns 73-80. 

4.1.3 System Data Cards 

The remaining four card types are considered system data cards. 
One, 06, Input Cost Element Estimates, is associated with the first run. 
The other three, -1, Sensitivity Factor and Percentage Increments; -3, 
Sensitivity Factor and Percentage Changes; and -6, Sensitivity Input Cost 
Element Changes are associated with the three types of sensitivity changes 
allowed for runs beyond the first.  The data for 06 cards are recorded for 
key punching on the Input Cost Element Estimates Sheets (MCF 1009a through 
MCF 1009J), the -1 and -3 data are recorded on the Key Punch Sheet for 
Factors and Percentages (and Changes) (MCF 1009m), and the -6 cards are key 
punched from the blank Input Cost Element Estimate Sheet (MCF 1009J). 

06 Input Cost Element  Estimates 

The  fields of  the Input  Cost Element Estimate Sheets are 
described  in detail  in Section 3.1.     The key punch columns   for each  field 
are: 

Card Column Field No. Field Name 

NP* Check Column 
1-2 Card Code   (06) 
NP Element Name & Number 
3-6 Sequence Number 
7** Budget Code  (Octal) 
8-9** (Not  Shown) Subsystem Number  (Octal) 
10-13 6 Usual CER Number 
14 7 Card Number 
NP 8 Unit of Measure 

*NP designates  not punched. 

**0ata  need not  be punched;   it  is strictly for  identification 



Card Column 

NP 
15 
16 

17-22 
23-27 
28-72 
73-77 

78-80 

Field No. 

9 
10 
11 

12 
13 
14-22 

(Not shown) 

23 

Field Name 

Reference Element(s) Number(s) 
Scale Factor for "Years" Data 
Scale Factor for "Prior Years 

Total" Data 
Prior Years Total Estimates 
Year N Estimate 
Years (N+l) t o (N+9) Estima t es 
Identif icat i on - System, Run, 

Pass 
Identification - Sor Code 

-1 - Sensitivity Factor and Percentage Increments 

The increments to factors or percentages for sens i tivity analysis 
are translated from Cost Hodel Work Sheet #2 to the Key Punch Sheet for 
Factors and Percen tages. The key punch columns for each field are: 

Card Column 

1-2 
3-5 
6-15 
16-18 
19-72 
73-80 

Information 

Card Code (-1) 
Factor Number 
Value of Increment in Exponential Form 
Number of T ~mes Factor is to be Inc remented 
Description 
Identi ficat on 

A card must be input only for the firs t run in which the increment 
is effected. The incremental changes for al l following runs wi ll then be 
pe rformed by the computer, and do not require further specificat ion. Desired 
output tables for these addit ional runs , however , mus t be specified by the 
appropriate run and pass cards. 

-3 - Sensit i vity Factor and Percentage Chan ge s 

New values of factors or percentages for a s ingle run are 
entered on Key Punch Sheet fo r Factors and Percenta ges us ing a -3 card. 
Card Columns 16-18 are blank, t he card code (- 3) is punched i n Co lumns 
l-2, while the other columns are similar to 03 type cards . The identifica tion 
code contains the run number for which the new value of the f actor i s 
applicable. Upon completion of the run , the value of t he f a c tor i s res tored 
to i ts original value , thus requiring another -3 card if the same c han ge i s 
desirP. d in any subsequent run. 
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-6  - Sensitivity Input Cost Element Changes 

Changes  to  the   input cost  elements   for sensitivity  runs are made 
on  the blank Input Cost  Element Estimate Sheet   (MCF 1009j),  with   -6 
replacing 06 in  the  second  field.    The data are  entered  in  the   fields  in the 
same manner as  for original  06 cards with all  unshaded columns appropriately 
completed. 

An important  restriction on  the use of  -6 cards  is  that   for 
any cost element   in  subsequent runs,  no CER may be used  that  requires more 
input  cards than were used   in the  initial  run.     This restriction  is necessi- 
tated by  the manner in which  the computer  program reads and  stores  the  initial 
input  data.    Consequently,   additional  cards may  have  to be added   in  the  first 
run   that are not normally  required.    To  illustrate,  consider  the   following 
.ases: 

Case   1:     Element not  costed  in  first  run,   but  cost-d  in  subsequent 
runs. 

In  the  first  run the  first card  is  coded with a M7M  in  field 
ten and is blank in fields eleven  through  twenty-two.    Addi- 
tional cards are added  to make  up  the  total number required 
by  the CER   used in  later runs.     The additional  cards contain 
the  proper data  for fields 2,   4,   5,   6,   7 and 23 and  are blank 
in  fields  ten  through twenty-two.     In the  subsequent  runs 
where  the element  is costed,   -6 cards are  input with  the 
appropriate cost  estimates. 

Case 2:    Element costed  in first  run,   and costed  in subsequent  runs 
using a different CER requiring more  input cards. 

In  the first  run additional  cards must be added  to  those 
required  for  the  first  run CER until  the  total number of cards 
is equal  to   that of the CER requiring  the   largest number of 
cards  in any  subsequent  run.     In  the additional  cards,   fields 
2,   4,   5,   6,   7,   and 23 are properly   filled out  using  the  same 
CER number as  that of the original CER and  fields  ten  through 
twenty-two are   left blank.    Care must be exercised  to assure 
that  the additional cards are physically  located  immediately 
behind  those of  the first run CER.     This can be accomplished 
by changing  the  sort codes of the  subsystem to maintain  the 
proper ordering.     In the  subsequent   runs where  the  element  is 
costed using   the new CER,   ehe appropriate  -6 cards are  input. 

There  is no  restriction in subsequent   runs on using a CER which 
requires   less  input  cards  than the CER of the   first  run or  in not  estiir.Jting 
the  element  in a subsequent  run  (using one card with a "7"  in  field  ten). 
Also,   there  is no  restriction on varying  the numbers of cards used  to 
estimate an element   in different passes of  the  same  run.    For example, 
element   12100,   Integration of Subsystems,  could  use a Factor   (4) + Direct 
Special CER (six cards)  in Pass  1 and  a Total   (4)   (one card)   in Pass 2. 
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4.2 Card Organization 

The input data cards are organized for processing in a fashion which 
follows the card numbers : 

1. Header Card (00) with number of systems. 
2. System Card (01) with number of runs, and number of passes per run. 
3. Parameter Cards (02) - No internal order necessary. A blank card is 

required at the end of these cards. 
4. Factor and Percentage Values (03) - No internal order necessary.  A 

blank card is required at the end of these cards. 
5. Run Card (04) for first run. 
6  Pass Card (05) for first pass of first run. 
7. Input Cost Element Estimates (06) for first pass. A blank card is 

required at the end of these cards It is recommended these cards 
be sorted by the sort code in Columns 78-80 for efficient computer 
processing. 

8. Pass CJ-i (05) for second pass, if any, followed by 06 cards and a 
blank card for second pass 

9. Pass Card (05), 06 cards, and a blank card for third, and subsequent 
passes, if any. There is no practical limit to the number of passes 
that may be processed. 

10. Run Card (04) for second run, if any, with number of incremental 
changes, revised factors and percentages and revised input element 
cards, not elements alone, for all passes in second run. 

11. Sensitivity Factor + Percentage Increments (-1), if any. 
12. Sensitivity Factor and Percentage Changes (-3), if any. 
13. Sensitivity Element Change Count (07) of input card changes for 

first pass in which elements are changed, if any. 
14. Sensitivity Input Cost Element Changes (-6) for pass associated with 

preceding 07 card. 
15. Sensitivity Element Change Count (07) for next pass, if any, in which 

elements are changed, and associated Sensitivity Input Cost Element 
Changes (-6) . 

16. 07 and -6 cards for any additional passes of second run. 
17. Pass Cards (05) for all passes in second run. 
18. Data organized by items 10 through 17 for each additional sensitivity 

run; there is no practical limit to the number of iiensitivity runs 
which can be made. 

19. If another system is to be processed, the data for the next system 
is organized by items 2 through 18, thus requiring as input its 
separate set of Parameter Cards (02) and Factor and Percentage Values 
(03)   As many different systems may be processed as desired. 

This data organization is shown graphically in Fig. 8 for a single 
system with multi-passes and multi-runs. 

The identification code for Columns 73-80 has been developed to 
permit the data cards to be arranged by sorting off-line on Columns 73 to 
80.  The code for the various card types is shown in Table 3. 
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Flg. 8.   Dato Organization:   Single System Multi-Pass and Multi-Run 
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Table 3 

Identification Codes 

Card Type 
Card Col. 

Name — 
 1 
—► 

►  73 
System 

0 

74-75 
Run 

00 

76-77 
Pass 

00 

78-80 
Sort Code 

00 000 

01 X 00 00 001 

02 X 00 00 002 

Blank (1) X 00 00 003 

03 X 00 00 004 

Blank (2) X 00 00 005 

04 X YY 00 000 

05 X YY ww 000 

06 YY zz 101 to 998 

Blank (3) YY zz 999 

07 YY zz 007 

-1 YY 00 001 

-3 YY 00 004 

-6 YY zz 101 to 998 

Key:  X - Sys tem Code 

YY = Run Number 

ZZ - Pass Ni jmber 

WW = ZZ for Passes in First Run 

« ZZ + 50 for Passes in Subsequent Runs. 

Fifty is added to the pass number to put 05 cards at the end of the 
data deck for subsequent runs, £.&., passes 1 and 2 are coded as 01 and 02 
for the first run, and as 51 and 52 for all runs after the first. This 
coding is applicable only for the identification in Columns 76-77 in the 
pass cards (05). 
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A program has been prepared for  listing the input data on the IBM 1401 
computer after  it has been key punched and  sorted.    The  listing  is examined 
for clerical and key punch errors before   insertion with  the computer programs 
for processing on  the  IBM 7090 computer.     Page and card code headings 
facilitate  the  editing.     Exhibit  4,   page   111,    is an example of  the formats 
on the  1401   listing.     Section 4.6.2  discusses types of errors which may be 
discovered by examining  the  1401   listing. 

4.3 Table Tape 

Data associated with  the generation of  the output  tables are  prestored 
on a magnetic  tape.     Such  storage  is  adequate  since  these  tables  are  standard 
and hence  seldom need modification.     Data  stored  include elements  similar to 
06 cards  for  the output  tables A  through E,   and nomenclature  for all output 
tables and   the  structure. 

The output  tables are generated  in  the  same manner as  the  cost  structure; 
^.e.,   the   lines  in  the  table are considered as cost elements   (06  type) with 
associated CERs which can generate costs without  requiring  input  data,  usually 
either by  totaling other elements or by moving costs  from one element  to a 
reference element. 

The  parameter  cards  for  the  table CERs are read with the other 02  cards 
as data cards,  primarily to control  the number of times  the CERs are used; 
this  is  done  to assure  that usage does not  exceed  the maximum for each CER 
and  to provide more   flexibility  in making changes  to  the  structure. 

The nomenclature  is restricted  to  thirty-character records    and is 
organized  by  records  to correspond with  the  elements in the  structure and 
lines in  the   tables.     Blank records are  inserted whenever blank  spaces are 
required  in  the  tables  to  improve  the  table appearance. 

Changes  in nomenclature can be made by replacing  the appropriate 
records with  the desired nomenclature  in  the deck of cards used  to generate 
the Table Tape;   the nomenclature  is punched  in columns   1  through  30.    A new 
tape  is  then created   from the modified deck of cards. 

4.4 CER Utilization 

To use efficiently and correctly the CERs available in the model, it is 
necessary to know how many of each type of CER are available to the analyst 
for any changes or additions he may desire to make. This information is 
obtained from Table 4 which contains, for each CER, the maximum number 
provided and the number currently in use by the model.  The number available 
is actually greater than the difference between the maximum number provided 
and the number currently in use since many of the CERs currently in use are 
not required for any particular cost estimate.  If temporary changes to the 
structure are contemplated for a system cost analysis, a tally on the number 
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Table 4 

CER Utilization 

CER ^ CER Name 

00 No Operation 
01 Direct Dollars 
02 Total of 2 
03 Total of 3 
04 Total of 4 
05 Total of 5 
06 Total of 6 
07 Total of 7 
08 Total of 8 
09 Total of 9 
10 Total of 10 
11 Percent Direct (1) 
12 Percent Direct (2) 
13 Percent Spread (1) 
14 Percent Spread (3) 
15 Percent Operations (1) 
16 Factor (1) 
17 Factor (2) 
18 Factor (3) 
19 Percent Spread Special 
20 Factor (1) + Direct Special 
21 Factor (2) + Direct Special 
22 Factor (4) + Percent Spread 
23 Factor (4) + Direct Special 
24 Multiple Direct 
25 Multiple Percent Spread 
26 Move 
27 Factor (2) + Direct 
28 Subtract (1) 
29 Subtract (2) 
30 Subtract (3) 
31 Subtract (2) (c) 
32 Unassigned 
33 Total of 4 Minus 1 
34 Unassigned 
35 Unassigned 
99 Subsystem Suppression 

No.  of 
Param. 

0 
0 
2 
3 
4 
5 
6 
7 
8 
9 

10 
2 
3 
2 
4 
2 
1 
2 
3 
1 
1 
8 
6 

10 
0 
7 
1 
2 
2 
3 
4 
3 

5 

7 
0 

No,  of 
06 Cards 

Max.  No. 
Avail. 

No Limit 
No Limit 

60 
45 
30 
20 

6 
3 
3 
5 

10 
50 
10 
35 

3 
20 
20 
30 
10 

5 
5 
4 
7 
4 

No Limit 
3 

100 
10 

5 
5 
5 
3 
3 
3 
3 
3 

No Limit 

No.  Currently 
In Use 

54 
41 
26 
17 
4 
0 
0 
2 
7 

41 
7 

29 
1 

14 
18 
22 

7 
2 
3 
2 
5 
2 

1 
63 

5 
2 
5 
1 
1 

45 



of times new CERs are added should be kept to assure the maxlmuns are not 
violated.    If the maximum number is to be exceeded, a check should be made 
to determine if any of the number currently in use are not required for the 
particular system costing study.    The parameter cards for CERs which are 
not required may be replaced with cards containing the appropriate values 
for the needed CERs.    If it is not possible to replace any of the CERs,  it 
may be possible to calculate the desired cost from a different type of CER 
by setting appropriate values on the input cost element data cards to zero , 
or by changing the associated parameter card to call a zero-cost element, 
jL.e., an element for which costs are never estimated in the particular 
system costing study.    Some examples of CERs which can be created from other 
CERs are shown in Table 5.     It is necessary to create or modify parameter 
cards for every new CER generated or changed. 

Calculations somewhat different from those available in the current set 
of CERs are obtainable by setting appropriate input cost element data cards 
to zero and letting the non-zero cards represent resources other than those 
shown on the input cost element sheets.    In such cases, parameter cards must 
be changed to specify new or different cost factors or percentages.    For 
example, a "Factor (4)" CER, which would require four input cards, can be 
created by using CER 22  (Factor (4) + Percent Spread) or CER 23 (Factor  (4) + 
Direct Special).    If CER 22 were used, a fifth card is still required, but 
fields ten through twenty-two are left blank.    Similarly,  if CER 23 were used, 
fields ten through twenty-two of the required fifth and sixth cards are  left 
blank.    Other mixtures of factors, percentages and direct dollars may be 
obtained by similar manipulations. 

A separate set of parameter cards should be used with each system 
processing to maintain control over changes and to assure that the structure 
reverts to the basic structure for the next system costing problem. 

4.5    Structure Modification 

Since considerable design effort has been expended on creating a 
generalized structure which is applicable to most  systems being costed,  and 
tlnwi even small changes to key elements may affect many other elements and 
the output tables,  it is strongly urged that the standard structure and out- 
put  table formats be used whenever possible.    The nomenclature of the 
structure or output tables may be changed, however, as explained in Section 
4.3, without affecting other elements of the computer logic. 

If changes must be made to the structure,  the type of change which has 
the smallest effect on the computer operations is the addition of new 
elements.    A tenth subsystem which can contain forty additional elements is 
available for this purpose.    It is recommended that any additions to the 
nine subsystems be made by setting to zero undesired elements in the basic 
nine-subsystem structure and adding new elements to the tenth subsystem. 
For each element that is added, a parameter card  (02) must also be provided 
for the associated CER and care must be exercised to assure that the maximum 
number of times that the CER is used has not been exceeded.    Sort codes can 
be assigned which will assure that the cards are entered into the deck for 
efficient processing. 
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Table 5 

CERf Obtainable from Other CERs 

Desired CER 
CER #    CER Name 

CER From 
Which Obtainable 

CER #         CER Name 

02-09 Totals 2 through 9 03-10 Totals 3 through 10 

11 Percent Direct (1) 12 Percent Direct (2) 

13 Percent Spread (1) 14 Percent Spread (3) or 

22 Factor (4) + Percent Spread 

16 Factor (1) 17-18 

20-23,27 

Factor (2) and (3) 

Factors Plus Others 

17 Factor (2) 18 Factor (3) 

21-23,27 Factors Plus Others 

18 Factor (3) 22,   23 Factors Plus Others 

21 Factor (2) + Direct Sp •ecial 23 Factor (4) ♦ Direct Special 

28 Subtract (1) 29,  30 Subtract (2) and (3) 

29 Subtract (2) 30 Subtract (3) 
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When elements are added, the parameter cards for some elements in the 
original structure should also be changed in order to logically integrate 
the new elements into the structure. For example, were it desired to 
subdivide Data for data-processing prime equipment, element number 21220, 
into "Central Computer Data" and "Peripheral Equipment Data," two elen1ents 
(Sequence numbers 1261 and 1262) would be added to the tenth subsystem and 
the CER for element 21220 would be changed from 1302, Percent Spread, to 
0255, Total 2. A new parameter card for element 21220 would be created 
having as parameters sequence numbers 1261 and 1262; this card would be added 
to the parameter deck and the old 02 card for CER 1302 deleted from the deck. 
By effecting the changes in the above manner, no change in the generation of 
output Table B is required . If, however, one had decided to consider element 
21220 as Central Computer Data and added one element, Peripheral Equipment 
Data, then the mission equipment and AGE Data entry in Table B would be in 
error without changes to the 06 card for that table element on the Table Tape. 

Exhibit 5, pages . 118 to 131, provides a rapid method for determining 
the implications of such changes to the structure or output tables . This 
table is organized by subsystem and may be considered a "Used-On Table." 
The first column for each subsystem or table lists all the elements in the 
subsystem or output table and the second column lists the elements in the 
structure or output tables which reference the particular element in the 
first column. Therefore, if one desires to replace an element with a 
different one, it is important to consider the effect on the elements in the 
second column. 

4.6 Error Checks 

After data sheets have been prepared, specified error checks should be 
made. These include examination of the input sheets prior to key punching 
and the 1401 list1ng after key punching and sorting (but prior to submission 
for compute r processing) . Section 4.6.1 discusses the types of checks to be 
made prior to key punching, while Section 4 . 6.2 lists some of the checks to 
be made after key punching and sort1ng . The last sec tion (4.6.3) details 
the errors which will be detected by the computer if they are not discovered 
by manual examination. A fourth class of errors, those made by the analyst 
in generating the original input data, must be detected by the analyst him­
self when examining the output tables for reasonableness prior to submission 
to the customer. 

4.6 . 1 Checks Before Key Punching 

Cost Model Work Sheets #1 and #2 should be carefully examined 
while the information is being transferred to key punch sheets. Also, the 
Input Cost Element Estimate Sheets should be scrutinized for possible 
omissions and errors before submission for key punching. 

48 



Some of the possible checks which can be made on the work sheets 
are: 

(1) The tables desired are sufficiently specified; 
(2) The number of runs specified corresponds with the number of 

runs resulting from Incremental changes or from changes In 
elements or factors; 

(3) The correct numbers of run and pass cards are present, 
especially when the Incremental feature of the sensitivity 
analysis Is being used. 

Some of the Items which should be checked on the Input Cost 
Element Estimate sheets are: 

(1) Checks are present In field one for cards which are to be 
key punched; 

(2) Each element Is calculated from only one CER; 
(3) All the cards associated with a CER are key punched, pro- 

vided no "7" is entered in the Y column; 
(4) Additional cards are Inserted in the first run if required 

by subsequent runs; 
(5) The entries for the Percent Spread CERs (13) and (14) add 

to l,or less than 1, if Prior Years Total is in dollars; 
(6) All entries in fields 12 through 22 are right Justified; 
(7) The scale factors in the Y and Z columns are ressonable; 
(8) The input format is correctly completed for any new element, 

an associated parameter card (02) has been completed, all 
effects on other elements have been considered, and the CER 
does not exceed the maximum number allowed. 

4.6.2 Checks After Key Punching (1401 Listing) 

A careful check should be made of the key punched input data be- 
fore submission to the computer for processing. The 1401 listing (Exhibit 4) 
Is provided to facilitate this checking and to provide a record of the input 
data. A list of possible checks that could be made are listed below. Prior 
to the detailed examination of the input listing, a check should be made of 
the Card Codes (Col. 1-2) to assure that the data are organized properly. 
A careful check of the listing should cover at least the following points: 

Card Type Type of Check 

00 Listing against work sheet 

01 1) Listing against work sheet 
2) Number of elements in subsystem agrees 

with number key punched 
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Card Type Type of Check 

02 1)    No CER used more times than the maximum 
permitted. 

2)    Number of parameters required are present. 

03 Proper format for values 

04 1)    Correct columns key punched 
2) Proper count of changes against number of 

•1,  -3,  -6 cards 
3) As many 04 cards as 01 card specifies, 

> * including those required by incremental 
changes. 

05 1)    Listing against work sheet 
2)    Complete set for each sensitivity run. 

06 1)    No "8" or "9" digits in budget and 
subsystem fields. 

2) Number of cards required for each element 
are present and in the proper order.    If 
a "7" is in field "Y", only one card is 
normally required by the CER. 

3) Key punching in fields 12 through 22 in 
proper columns (using a special template 
developed for this purpose). 

07 Correct number of -6 cards follow. 

-1 Proper format for value and number of increments 

•3 Proper format for value. 

-6 Same as 06, plus:    the number of cards for each 
element does not exceed the number of 06 cards 
used in the original run. 

4.6.3   Computer Error Diagnostics 

A set of error diagnostics has been programned into the cost 
model to check the card codes of input data cards for expected types of 
cards, and also to check data on various cards for validity.    In addition, 
checks are made to assure that calculations can be performed.    These checks 
still do not guarantee that the output from the model is what the analyst 
intended.    However, they do provide a further check on, and identify, 
possible errors in input card organisation and key punching.    The errors 
found by these checks are identified by diagnostic print outs listed in 
Table 6 which shows the printout and the reason for it,  the computer sub- 
routine which performs the check, and a brief description of what happens 
after the error is found. 
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Since it is desirable to check as much input data as possible 
before stopping, the computer progrsm creates a signal when a diagnostic 
print out is made and usually continues reading data until it reaches the 
diagnostic check which is Just prior to entry to subroutine ITER (see Fig. 9 
in Section 5). This stop is called "Stop by Diagnostic Check" in the 
"Computer Action" column of Table 6. For example, errors which have 
occurred before the input element cards (06) of the first pass of the 
first run have been read will not cause the computer to stop until it has 
processed all the "06" cards of the first pass of the first run. A check 
is then made to determine if any diagnostic print outs have been made; if 
so, the computer stops. For errors in input data after the first pass of 
the first run, the program continues reading and processing data until it 
returns to the diagnostic check in the computer program. The amount of data 
read in and processed prior to returning to this point can be determined 
from Fig. 9, the general computer flow chart. 

The "cc" in the Diagnostic Print Out column of Table 6 is the 
"Incorrect" card code for the card actually read. 

The number of incremental factor changes and the number of 
input cost element card changes for a run are each limited to fifty.  If 
these limits are exceeded, diagnostics are printed and the computer stops 
immediately. 



5.0 COMPUTER PROGRAMS 

This chapter gives a brief description of the cost model computer pro- 
gram. The computer program consists of an executive routine which controls, 
via subroutines, the processing of the various types of input data, the com- 
putation of costs for the structure, and the generation and printing of 
output tables. Figure 9, a general flow chart for the cost model, shows 
when each major subroutine is used by the executive routine. The subroutines 
are described in Sections 5.1, 5.2, 5.3:  Input, Computation, and Output, 
respectively. Program specifications are outlined in Section 5.4. 

5.1 Input Subroutines 

Five major subroutines used to read in the different types of input 
data are described below, along with the read controls for each of the 
eleven types of input cards. 

5.1.1 PARAM 

The subroutine P/.RAM reads in parameter cards (02), and converts 
the relative parameter addresses on the cards to absolute machine addresses. 
Then, under control of the CER No. and CER line No., it stores the sequence 
number of the element to be calculated and the converted addresses. 

5.1.2 INFAP 

The subroutine INFAP reads in initial values for factors and 
percentages from 03 cards and writes them on magnetic tape 8. Thus, these 
initial values are available for use in subsequent runs in sensitivity 
analysis. 

5.1.3 SANDS 

The subroutine SANDS is entered in the first run only. It reads 
in the original input cost element data (06) for a pass, scales the data, 
seqjence checks the card number of elements with multi-card inputs, and 
writes the data on magnetic tape 8. The data are thus available for recall 
for use in subsequent runs. 

SANDS calls a FAP subroutine, UNPAC, which unpacks the card 
number and the scaling factors Y and Z, all of which have been read in as 
a single field in octal code by subroutine SANDS. 

5.1.4 SENSE 

The subroutine SENSE is entered for all runs. In the first run, 
it initializes storage locations for sensitivity analysis.  In subsequent 
runs, it reads from magnetic tape 8 the initial set of factors and percentages 
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and checks for the three possible types of sensitivity changes.  If new 
-1 cards are present, it enlarges the incremental table developed for this 
purpose.  It checks for revised factors and percentages (-3 cards) and 
replaces old values with new ones. It then looks for changes in input data 
elements, and if there are any, it records the pass number, reads and scales 
new data, and stores the data in a revised read area, the storage area 
for changing input data elements.  It then examines the incremental table 
and makes appropriate changes to the factors and percentages. 

5.1.5 INCORP 

The subroutine INCORP is entered only in sensitivity runs, i.e., 
in all runs after the first.  It reads the original input data for a pass 
from magnetic tape and searches the revised read area for appropriate input 
data element sensitivity changes for the particular pass being processed. 
If a pass number match is found, it then searches the original data to match 
the element revised and replaces the original data with the revised data. 
The searches and matches continue until all changed input data have been 
incorporated. 

5.1.6 Controls on Card Reading 

Various card reading controls have been established because of 
the multiplicity of card formats for the input data cards; they are: 

Header Cards (00) - one card. 

System Cards (01) - one card per system; the total number 
controlled by the number of systems specified in the header card. 

Parameter Cards (02) - terminated by a blank card. 

Factor and Percentage Value Cards (03) - terminated by a blank 
card. 

Run Cards (04) - one card at a time; the total number 
controlled by the number of runs specified in the system card. 

Pass Cards (05) - one card; the total number controlled by the 
number of passes per run specified in the system card. 

Input Cost Element Estimate Cards (06) - terminated by a blank 
card. 

Sensitivity Element Change Count Cards (07) - one card at a time; 
the total number of 07 cards for a run is controlled by comparing 
the total number of element changes specified on the run card 
with the sum of element changes specified on processed 07 cards 
for the earlier passes of the run. When the sum of -> cards 
processed equals the total on the run card, no additional 07 t 
cards are expected for that run. 
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Sensitivity Factor «nd Percentage Increment Ctrds  (»1) - the 
number controlled by the number of factorsand percentages 
Incrementally modified as specified on the run card. 

Sensitivity Factor and Percentage Change Cards  (-3) - the number 
controlled by the number of changes specified on the run card. 

Sensitivity Input Cost Element Changes (-6)  - controlled by the 
number of revisions per pass specified on the 07 card. 

The general  logic of the card organisation and  the points where 
read control  Is exercised are shown In Fig.  10. 

5.2 Computation Subroutines 

Subroutine ITER may be considered as the executive routine for control- 
ling the calculation of costs.    The  logic of the subroutine Is  such that the 
computer Iterates through the elements, calculating and storing costs until 
either all the elements have been calculated or no additional elements can 
be calculated during an Iteration. 

To calculate  the cost of an element,   the  subroutine PRECER Is called to 
move data associated with necessary parameters to a working area.    If the 
necessary data are not available,  the element number Is stored  In an auxiliary 
list for later Iterations.    The appropriate CER formula Is then used to 
calculate costs    and subroutine TORE stores the results. 

Twelve basic subroutines are used by the current CERs and table gener- 
ators to compute costs; additional CERs can be established  from this basic 
set. 

5.3 Output Subroutines 

Subroutine REPORT may be considered the executive routine for control- 
ling the preparation of tables. Since the entries In the tables are 
calculated In the same fashion as the elements of the structure, a set of 
CERs has been prepared for generating the standard tables. These are stored 
on the Table Tape. REPORT reads the Table Tape to obtain these CERs, Chen 
uses subroutine ITER to control the calculations of the standard tables. 
The nomenclature for the tables and the structure Is then read from the 
Table Tape and, for each table specified by the run and pass control cards, 
the title and the body of the table are printed by subroutines TITLE and 
PRINT, respectively. 

The REPORT subroutine Is used to generate tables both for a pass and, 
after all passes have been completed, over passes for a run. 
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5.4   Proarm Speclflcationi 

The computer programs have been written in FORTRAN,  except for three 
PAP subroutines.    The input data is read fron Tape 2    while the output is 
placed on Tape 3.    Tape 7 contains the Table Tape   while Tapes 6 and 8 are 
used as scratch tapes for storing the input data and intermediate calcula- 
tions for use in sensitivity runs.    The computer programs and tables occupy 
about 7400 core storage  locations for instructions and 22,000 words for 
conmon data for a total of 29,400 out of the  total 32,768 core storage 
registers in the  7090. 

1/ M^ 
H. Gftzer 

L dLiLLL 
J. C. Des Roches 
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CER PARAMETER CARDS, AND FACTORS AND PERCENTAGES 

CER Parameter Cards 99-106 

Factors ♦ Percentages 107-109 

Major References in Text - Sections 2.2,  3.2, 3.3, 4.4 
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EXHIBIT 5 

USBD-ON TABU 

Table Sequence Number» 

Used-On Table 

Major Reference    in Text  - Section 4.5 

£SI£ 

113-117 

118-131 

112 



• 

r ABI E A 
SUMMARY COST ESTIMATE 

ELEMENT NAME 

PD1 ♦t 
SYSTEM   DESIGN   ♦   MANAGEMENT 
SUBSYSTEM   DEVELOPMENT    f   TEST 
SYSTEM    INTEG.    TEST    f   EVAL 

TOTAL    RDr+E 
rNlTIAl  INVESTMENT 
MISSION EQUIPMENT ♦ AGE 
INITIAL SPARES f STOCKS 
COMPUTER PROGRAM PRODUCTION 
INITI Al  TRAINING + TRAVEL 
FACILI1IES 

TOTAL INIT1AI  INVESTMENT 
OPERAT IONS 

EQUIP   REPLACEMENT   ■»>   MAINT 
rOMPUTf-R   PROGRAM   MAINTENANCE 
COMMUNICATION   >   EQUIP   RENTAL 
PERSONNEL 
FACILITIES   MAINTENANCE 

TOTAL    OPERA»IONS 

SEQ NO 

JOOl 
3002 
300.3 
3004 

3005 
3006 
3007 
3008 
3009 
3010 

301 1 
301? 
3013 
3014 
3015 
3016 

TOT;,   SYSTEM 3017 

113 



TABLE   ö 
DETAILED  COST   ESTIMATE 

ELEMENT   NAME SEQ NO 

RDTfE 
SYSTEM DESIGN 
SYSTEM MANAGEMENT 
SUB-SYSTEM DEVELOPMENT 
HARDWARE SUBSYSTEMS 

ANALYSIS 4 DESIGN 
FABRICATION FOR TEST 
TEST ♦ EVALUATION 
AGE 4 NON SUBDIVIDED 

COMPUTER PROGRAMS 
MASTER PROGRAM PLANNING 
EXPER ■»■ PROTOTYPE PROGS 
SIM + DATA REOUC PROGS 
UTIL-MAINT PROG PLANNING 

PERSONNEL 
FACILITIES 

SYSTEM INTEG« TEST -f EVAL 
INTRASYSTEM INTEGRATION 
INTER-SYSTEM INTEGRATION 

TOTAL ROT4E 
INITIAL INVESTMENT 
MISSION EQUIPMENT 4 AGE 

PRIME EQUIPMENT 
AGE 
DATA 
FIRST DESTINATION TRANS 
INSTALLATION 4 CHECKOUT 

INITIAL SPARES 
INITIAL STOCKS 
COMPUTER PROGRAMS 
MISSION PROGRAM PRODUCTION 
UTIL 4 MA I NT PROGRAM PROD 

PERSONNEL 
INITIAL  TRAINING 
TRAVEL 

FACILITIES 
TOTAL INITIAL  INVESTMENT 
OPERATIONS 
MISSION EQUIPMENT 4 AGE 
FOLLOW ON SPARES 
EQUIPMENT REPLACEMENT 
SUBCONTRAC TED MA IN T E NANCE 

COMMUNICATION 4 EQUIP RENTAL 
LEASED CIRCUITS 
TERMINAL EQUIPMENT 
OTHER EQUIPMENT 

COMPUTER PROGRAMS 
MAINTENANCE 
OPERATIONAL EXERCISES 

PERSONNEL 
PAY 4 ALLOWANCES 
ATTRITION TRAINING 
ATTRITION TRAVEL 

FACILITIES MAINT 4 OPERATION 
TOTAL OPERATIONS 

114 

3018 
3019 
3020 
3021 
3022 
3023 
3024 
3025 
3026 
3027 
3028 
3029 
3030 
3031 
3032 
3033 
3034 
3035 
3036 

3037 
3038 
3039 
3040 
3041 
3042 
3043 
3044 
3045 
3046 
3047 
3048 
3049 
3050 
3051 
3052 

3053 
3054 
3055 
3056 
3057 
3058 
3059 
3060 
3061 
3062 
3063 
3064 
3065 
3066 
3067 
3068 
3069 



SUMMARY   C.OST 
TABI E   C 

ESTIMATE   BY   BUDGET   CODES 

CLEMENT   NAME SEQ   NO 

PDT+E 
PI 00   AIRCRAFT   PROCUREMENT 
PPOO   HISSILI    PROCUREMENT 
P^OO   MM   MARY   CONSTRUCTION 
P<iOO   OPERATION   f   MAINTENANCE 
PfiOO   Mil   IFARY   PERSONNEL 
P600   RUI i€ 
P800   OTHFR   PROCUREMENT 

TOTAL   ROT+E 
INM I Al      INVESTMENT 

PI 00   AlRCRAFr    PROCUREMENT 
P200   MIS5II.F   PROCUREMENT 
P300   MUMARY       ONS1 RUCTION 
P<*00   OPERATION     -   MAINTENANCE 
P^.OO   MU   ITARY   PERSONNEL 
P600   RDI+E 
PBOO   OTHER   PROCUREMENT 

TOTAL    INITIAL    INVESTMENT 
OPERATIONS 

Pi 00 AiRCRAFT PROCUREMENT 
PPOO MISSILE PROCUREMENT 
P100 Mil ITARY CONSTRUCTION 
P^OO OPERATION + MAINTENANCE 
P'SOO MU iIARY PERSONNEL 
P600 ROI+E 
PSOO 01 HER PROCUREMENT 

TOTAL OPf RAT IONS 
TOTAL 

PI 00   ARCRAPT    PROCUREMENT 
P200   MISSILE   PROCUREMENT 
P100   Ml I   ITARY   CONSTRUCMON 
PnOO   OPERATION   ♦   MAINTENANCE 
P500   MU   IIARY   PERSONNEL 
P600   RDT>E 
P800   Of HER   PROCUREMENT 

GRAND lOlAl 

4001 
4002 
4003 
4004 
40C5 
4006 
4007 
4008 

4009 
4010 
401 1 
4012 
4013 
4014 
4015 
4016 

4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 

4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 

115 



■ AHI.E D 
SUBSYSTEM COST ESTIMATE BY BUDGET COOES 

El FMtNT NAME SEQ NO 

GENFPAi  SfSTEM 
«"'00 AIRCPAFT PROCUREMENT 
r?0O M'SSIIE PROCUREMENT 
P300 Mil I TAPr CONSTRUCTION 
C4 00 OPERAr» ON t MAINTENANCE 
P^OO MilI1ARY PERSONNEL 
»600 PDT+e 
P800 OTMTR PROCUREMENT 

IOTAI  GfNEPAl. SYSTEM 
HARDWARE SUBSYSTEMS 

PI 00 AlPrRAPT PROCUREMENT 
P?00 MISSILf «PROCUREMENT 
P300 Mil MARY CONSTRUCTION 
MaOO OPERATION f MAINTENANCE 
P500 Mil MARY PERSONNEL 
P600 ROME 
P800 OTHER PROCUREMENT 

TOTAL HARDWARE SUBSYSTEMS 
COMPUTER PROGRAMS 

PlOO AIRCRAFT PROCUREMENT 
P?00 MISSILE PROCUREMENT 
P300 MUITARV CONSTRUCTION 
P400 OPERATION ♦ MAINTENANCE 
P500 MM l TARY PERSONNEL 
P6O0 RDTtE 
PflOO OTHER PROCUREMENT 

TOTAl  COMPUIER PROGRAMS 
PERSONNEL 

PlOO   AIRCRAFT   PROCUREMENT 
P?00   MISSILE   PROCUREMENT 
P300   Mil   JTARY   CONSTRUCTION 
P<»00   OPERATION   f   MAINTENANCE 
P500   Mil   ITARY   PERSONNEL 
P600   RDT*E 
PflOO   OTHER   PROCUREMENT 

TOT Al     PERSONNEL 
FACILl TIES 

PlOO AIRCRAFT PROCUREMENT 
P200 MISSILE PROCUREMENT 
P300 MU ITARV CONSTRUCTION 
P4 00 OPERAfI ON 4 MAINTENANCE 
P^OO MIL I TARY PERSONNEL 
P600 RDT-fE 
PflOO OTHER PROCUREMENT 

TOTAl. FACILl I IES 

4033 
4034 
4035 
4036 
4037 
4038 
4039 
4040 

404 1 
4042 
4043 
4044 
4045 
4046 
4047 
4046 

4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 

4057 
4058 
4059 
4060 
4061 
4062 
4063 
4064 

4065 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
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TAÖLE F 
HARnwAr/F SUBSYSTEMS COST ESTIMATES bY BUDGET CODES 

T FMENT NAMF SEO NO 

DA!A PROCESSING 
PlOO AIRCRAFT PROCUREMENT 
P200 MrSSILE PROCUREMENT 
P300 MILITARV CONSTRUCTION 
PHOO   OPERATION -»• MAINTENANCE 
P^OO MU I rARr PERSONNEL 
P600 RD1^E 
pßno OTHER PROCUREMENT 

TOTAl  DATA PROCESSING 
DATA PRf SiENTATlON 

PlOO AIRCRAFT PROCUREMENT 
PPOO MISSILE PROCUREMENT 
P300 MM MARY CONSTRUCTION 
P400 OPERATION ♦ MAINTENANCE 
P500 MILITARY PERSONNEL 
P600 RDT+E 
P800 OTHER PROCUREMENT 

TOTAL DATA PRFSENTAflON 
COMMUNICAIIONS 

PlOO AIRCRAFT PROCUREMENT 
P200 MISSILE PROCUREMENT 
P300 MILITARY CONSTRUCTION 
0400 OPERATION + MAINTENANCE 
P500 MU I TARY PERSONNEL 
P600 RDI-fE 
P800 OTHER PROCUREMENT 

TOTAl  COMMUNICATIONS 
DATA AC(JU ( S I T ION 

PlOO   AIRCRAFT   PROCUREMENT 
PPOO 
PlOO 
P«5iOO 
P500 

MISS HE   PROCUREMENT 

P?00 
PlOO 

Mil ITARY CONSTRUCTION 
OJ-'FRATION ^ MAINTENANCE 
MM MARY PERSONNEL 

P600 ROME 
P800 U'HFR PROCUREMENT 

TOTAI  DA I A ACQUISITION 
AEROSPACF YEHIClES 

PlOO AIRCRAFT PROCUREMENT 
MISSILE PROCUREMENT 
Mil ll.^WY CONSTRUCTION 

P^OO OPERAIION < MAINTENANCE 
P500 Mtl I:ARr PERSONNEL 
P600 POT+E 
P800 OTHER PROCURfMLNT 

TOTA. AEROSPACE VtHICitS 
TOT A. r, 

AIR« RAT T PROCUREMENT 
M SS i It PRO( URt; MEN T 
MU ''ARy CONSIRUCTION 
OPFRAlfON ♦ MAINTENANCE 
Mil i  ARv PERSONNEL 
RD' »r 
0 ! Hf R PROC URL MEN T 

HUDGEI CODES 
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tMOO 
P?00 
PlOO 
P4 00 
i-'^OO 

• 00 
> öOO 

TOI A. 

4073 
4074 
4075 
4076 
4077 
4078 
4079 
4080 

4081 
4082 
4083 
4084 
4085 
4086 
4087 
4088 

4089 
4090 
4091 
4092 
4093 
4094 
4095 
4096 

4097 
4098 
4099 
4100 
4101 
4102 
4103 
4104 

4105 
4 106 
4107 
4 108 
4 109 
41 10 
41 1 1 
41 12 

4113 
41 14 
41 15 
41 16 
4117 
41 18 
'♦11^ 
4120 



Appendix A 
Exhibit 5 

USED-ON TABLE 

General System Sub»y«tem #1 

Reference 
Element 

E 
1 

lements U 
2 

1001 1260* 3036 

1002 1001 3018 

1003 1001 3033 

1004 1003 3034 

1005 1004 

1006 1004 

1007 1004 

lOOfa 1004 

1009 1003 3035 

1010 1009 

1011 1009 

1012 1009 

1013 1009 

1014 1001 3019 

1015 1014 

1016 1014 

4038 

^Element 1260 is overall total of structure 
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Appendix A 
Exhibit  5 

USED -ON TABLE 

Data Procesi ling Subsys tem #2 

Reference 
Element 

Elements Using 
Reference Elements 
12            3            4 

Reference 
Element 

Elements Using 
Reference Elements 

1            2            3 

1017 1260 4079 4080 1034 1032 

1018 1017 1035 1017 

1019 1018 3021 4078 1036 1035 3021 4078 

1020 1019 3022 1037 1035 

1021 1019 3023 1038 1037 3039 

1022 1021 1039 1037 3040 

1023 1021 1040 1037 3041 

1024 1019 3024 1041 1037 3042 4012      4 

1025 1018 1042 1035 3043 

1026 1025 3038 1043 1017 4076 

1027 1026 1044 1043 3053 

1028 1026 1045 1044 3054 

1029 1025 3040 1046 1044 3054 

1030 1025 3041 1047 1044 3055 

1031 1025 3042 4012 4076 1048 1044 3056 

1032 1018 3043 1049 1043 3057 3060 

1033 1032 
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Appendix A 
Exhibit 5 

USED-ON TABLE 

Data Present«tlon Subsytem #3 

Reference 
Elements Using 

Reference Elements 
12             3            4 

Reference 
Element 

R 
1 ~ 

Elements Using 
eference Elements 

Element 2 3       _ 

1050 1260 4087 4088 1067 1065 

1051 1050 1068 1050 

1052 1051 3021 4086 1069 1068 3021 4086 

1053 1052 3022 1070 1068 

1054 1052 3023 1071 1070 3039 

1055 1054 1072 1070 3040 

1056 1054 1073 1070 3041 

1057 1052 3024 1074 1070 3042 4012      4( 

1058 1051 1075 1068 3043 

1059 1058 3038 1076 1050 4084 

1060 1059 1077 1076 3053 

1061 1059 1078 1077 3054 

1062 1058 3040 1079 1077 3054 

1063 1058 3041 1080 1077 3055 

1064 1058 3042 4012      4084 1081 1077 3056 

1065 1051 3043 1082 1076 3057 3060 

1066 1065 
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Appendix A 
Exhibit 5 

USED-ON TABLE 

Communication« Subsystem #4 

Reference 
Element 

Element 
Reference 

1     2 

Using 
Elements 

3     4 
Reference 
Element 

Element 
Reference 

1     2 

Using 
Elements 

I       - 
1083 1260 4095 4096 1101 1083 

1084 1083 1102 1101 3021 4094 

1085 1084 3021 4094 1103 1101 

1086 1085 3022 1104 1103 3039 

1087 1085 3023 1105 1103 3040 

1088 108 7 1106 1103 3041 

1089 1087 1107 1103 3042 4012  4( 

1090 1085 3024 1108 1101 3043 

1091 1084 1109 1083 4092 

1092 1091 3038 1110 1109 3053 

1093 1092 Uli 1110 3054 

1094 1092 1112 1110 3054 

1095 1091 3040 1113 1110 3055 

1096 1091 3041 1114 1110 3056 

1097 1091 3042 4012 4092 1115 1109 3057 

1098 1084 3043 1116 1115 3058 

1099 1098 1117 1115 3059 

1100 1098 
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Appendix A 
Exhibit 5 

USED-ON TABLE 

Dsta Acquisition Subsystem #5 

Reference 
Element 

Elements Using 
;fecence Elements 

2     3     4 

4103  4104 

Reference 
Element 

1135 

Element 
Reference 

1     2 

1133 

s Using 
Elements 

3 

1118 1260 

1119 1118 1136 1118 

1120 1119 3021 4102 1137 1136 3021 4102 

1121 1120 3022 1138 1136 

1122 1120 3023 1139 1138 3039 • 

1123 1122 1140 1138 3040 

1124 1122 1141 1138 3041 

1125 1120 3024 1142 1138 3042 4012  4 

1126 1119 1143 1136 3043 

1127 1126 3038 1144 1118 4100 

1128 1127 1145 1144 3053 

1129 1127 1146 1145 3054 

1130 1126 3040 1147 1145 3054 

1131 1126 3041 1148 1145 3055 

1132 1126 3042 4012 4100 1149 1145 3056 

1133 1119 3043 1150 1144 3057 3060 

1134 1133 
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Appendix A 
Exhibit 5 

USED -ON TABLE 

Aerospace Vehicles Subsystem #6 

Reference 
Element 

Elements Using 
Reference Elements 
12             3             4 

Reference 
Element 

Elements Using 
Reference Elements 
12            3            4 

1151 1260 4105 4106 4112 1168 1166 

1152 1151 1169 1151 

1153 1152 3021 4110 1170 1169 3021 4110 

1154 1153 3022 1171 1169 

1155 1153 3023 1172 1171 3039 

1156 1155 1173 1171 3040 

1157 1155 1174 1171 3041 

1158 1153 3024 1175 1171 3042 4012      4101 

1159 1152 1176 1169 3043 

1160 1159 3038 1177 1151 4108 

1161 1160 1178 1177 3053 

1162 1160 1179 1178 3054 

1163 1159 3040 1180 1178 3054 

1164 1159 3041 1181 1178 3055 

1165 1159 3042 4012 4108 1182 1178 3056 

1166 1152 3043 1183 1177 3057 3060 

1167 1166 
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Appendix A 
Exhibit 3 

USED-ON TABLE 

Reference 
Element 1 

Elements Using 
2 

Reference Elements 
3           4 

1184 1260 4055 4056 
1185 1184 

1186 1185 3026 4054 
1187 1186 3027 
1188 1186 3028 
1189 1186 3029 
1190 1185 3046 
1191 1190 

1192 1191 

1193 1191 

1194 1191 

1195 1190 

1196 1184 

1197 

1198 

1196 

1196 

3026 

3047 
3030         4054 

1199 1198 

1200 1198 

1201 1184 3061 4052 
1202 1201 3062 
1203 1201 3063 
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Append 
Exhi 

ix A 
bit 5 

Pe 
USED-ON TABLE 

rsonnel Subsystem JSL 

Reference 
Element 

Elements Using 
Reference Elements 
12     3     4 

Reference 
Element 

Elements Using 
Reference Elements 
12     3     4 

1204 1260 4064 1222 1204 3064 4061 

1205 1204 1223 1222 

1206 1205 3031 4062 1224 1223 3065 

1207 1205 3048 1225 1223 3065 

1208 1207 3049 4063 1226 1223 3065 4060 

1209 1207 3049 4063 1227 1223 3066 4060 

1210 1207 3050 4013 4061 1228 1223 3067 

1211 1204 1229 1222 

1212 1211 1230 1229 3065 

1213 1212 3031 4062 1231 1229 3065 

1214 1212 3048 1232 1229 3065 4060 

1215 1214 3049 4063 1233 1229 3C66 4060 

1216 1214 3050 4013 4061 1234 1229 3067 

1217 1211 1235 1222 

1218 1217 3031 4062 1236 1235 3065 

1219 1217 3048 1237 1235 3065 

1220 1219 3049 4063 1238 1235 3065 4060 

1221 1219 3050 4013 4061 1239 

1240 

1235 

1235 

3066 

3067 

4060 
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Appendix A 
Exhibit  5 

USED-ON  TABLE 

Facilities & Support  Subiystem #9 

Reference 
Element 1 

Elements Using 
2 

Reference E 
3 

1241 1260 4072 

1242 1241 4067 

1243 1242 3032 4003 

1244 1242 3051 4011 

1245 1244 

1246 1244 

1247 1244 

1248 1244 

1249 1241 3041 4071 

1250 1241 3044 4071 

1251 1241 3068 4068 

1252 1251 

1253 1252 

1254 1252 

1255 1252 

1256 1252 

1257 1252 

1258 1252 

1259 1251 
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Reference 
Element 

3001 

3002 

3003 

3004 

3005 

3006 

3007 

3008 

3009 

3010 

3011 

3012 

3013 

3014 

3015 

3016 

3017 

Appendix A 
Exhibit 5 

USED-ON TABLE 

Table A 

Elements Using Reference Elemente 
 2 2  

3017 

3017 

3017 
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Appendix A 
Exhibit S 

USED-ON TABLE 

Reference 
Element 

Element! 
Reference 

Using 
Element! Reference 

3044 

Bleaents Using 
Reference Ileaente 

1 2 i A 

3018 3001 3006 
-JL- 
3052 

3019 3001 3045 3007 3052 
3020 3002 3046 

3021 3025 3020 3047 

3022 3025 3048 3008 3052 
3023 3025 3049 

3024 3025 3050 

3025 

3026 3020 

3051 

3052 

3009 

3010 

3052 

3027 

3028 

3053 

3054 

3011 3069 

3029 3055 
3030 3056 

3031 

3032 

3020 

3020 

3057 

3058 

3013 3069 

3033 3003 3059 
3034 3060 
3035 

3036 3004 

3061 

3062 

3012 3069 

3037 3005 3052 3063 
3038 

3039 

3037 

3037 

3064 

3065 

3014 3069 

3040 3037 3066 
3041 3037 3067 
3042 

3043 

3037 

3006 3052 

3068 

3069 

3013 

3016 

3069 
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Appendix A 
Exhibit 5 

Reference 
Element 

4001 

4002 

4003 

4004 

4005 

4006 

4007 

4008 

4009 

4010 

4011 

4012 

4013 

4014 

4015 

4016 

4017 

4018 

4019 

4020 

4021 

4022 

4023 

4024 

4025 

402^ 

4027 

4028 

4029 

4030 

4031 

4032 

4027 

4030 

4032 

4025 

4026 

4016 

4016 

4016 

4031 

4032 

4024 

4029 

4032 

USED-ON TABLE 
Table C 

Elements Using Reference Elements 
2 3 

4008 

4008 

4016 

4016 

4027 

4028 4020 

4029 4021 

4016 

4028 

4024 
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USED-ON TABLE 

Table D 

Elements Using 
Reference Reference Elements Reference 
Element 1 2 Element 
4033 4053 
4034 4054 
4035 4055 

4036 4056 

4037 4057 
4038 4040 4006 4058 
4039 4059 
4040 

4060 
4041 4009 4061 
4042 4010 4062 
4043 4063 
4044 4020 4064 
4045 4065 
4046 4006 4066 
4047 4015 4067 
4048 

4068 
4049 

4069 
40 >0 

4070 
4051 

4071 
4052 4020 4055 4072 

Appendix A 
Exhibit  5 

Elements  Using 
Reference Elements 
HT" r- 

4055 

4015 

4006 

4061 

4021 

4006 

4015 

4020 

4020 

4015 
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Appendix A 
Exhibit  5 

USED-ON TABLE 

Table E 

Reference 
Element 

Elements Using 
Reference Elements 

1                         2 
Reference 

Element 

4097 

Elements Using 
Reference Elements 

1                          2 

4073 

4074 4098 

4075 4099 

4076 4079                   4116 4100 4103 4116 

4077 4101 

4078 4079                   4118 4102 4103 4118 

4079 4119 4103 4119 

4080 4104 

4081 4105 4113 

4082 4106 4114 

4083 4107 

4084 4087                   4116 4108 4105 4116 

4085 4109 

4086 4087                   4118 4110 4105 4118 

4087 sU9 4111 

4088 4112 

4089 4113 4041 4120 

4090 4114 4042 4120 

4091 4115 

4092 4095                   4116 4116 4044 4120 

4093 4117 

4094 4095                    4118 4118 4046 4120 

4095 4119 4119 4047 4120 

4096 4120 4048 
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